JAN 9 1922 


Lis aart 
CHE™ CHE®ICAL LIBRAR 


JAM 19 1999 
Transactions of 


({merican ,Yociet 
o Vieel (realins 


Published Monthly 


Chesehiesd, January, 1922 Ten Dollars a Year 
Vol. Il 


Entered as second-class matter Feb. 7, 1921 at the post-office 
at Cleveland, Ohio, under the Ack of March 3, 1879. 


in { 
MLA ke Ug 


‘SPECIAL FEATURES 


Terr Pn 


Honor French Scientist and Inventor 

Selects Nominating Committee for 1921-22 

Educational Program Receives Endorsement 

Some Brinell Hardness Measurements on Small oon 


. D. Campbell 
Repairing Tool Steel at the Mill 7 W. F. Green 


Heat Treatment of Steel for Ordnance Purposes H. F. Leary 
Efficiency of Different Mixtures for Cyanide Hardening 
and the Role of Nitrogen in the Process Victor E. iihmaan 
Fatigue of Metals Under Repeated Stress 
H. F. Moore and J. B. Kommers 


R. L. Dowdell 


= 
= 
4 
Z| 
= 

=| 
= 
=| 
= 
r == | 
i= 


Occurrence of Oxides and Nitrides in Boiler Tube St 


eel 
A. E. White and J. S. Vanick 
Carbonizing with Wood Charcoal 


H. Schagrin 
Automatic Compensation for Variations in Temperature 
_- Of Cold Ends of icantecie Pyrometers William H. Bristol 


BURNT TTT TOAST REE OC 


Table of Contents, Page 27 
Copyright 1922, American Society for Steel Treating 
4600 Prospect Avenue 





te 2 
Tee 
er eres 


- a“) ie a 
er) eee Mee eee 
om x Owe a x pan oun N eS - 


ee Ses 
pay te emir rd 





Ree, SA ee: 
ade te oS 


~~ 
es 
vege 
Anes 


, 


ee 
bee 


a. 


ot a 


a 


es Pes 
area yt 


did bu 
hoth 
Produ 
usually 
output 
which 
been 
tivity 
A 
1922 | 
dition 
been 
tax li 
indus 
factut 
of th 
expat 
| 
free 
polici 
freigl 
Durit 
witne 
Indic: 
year. 
indu 
ditio1 


N 
A 


ment 


hnew 
incre 
depa 
bers 
in a 
ques 
prob 





TRANSACTIONS 


of the 
American Society for Steel Treating 


Vol. II Cleveland, January, 1922 No. 4 


INDICATIONS BESPEAK BETTER BUSINESS FOR 1922 


[TH the passing of 1921 an unsatisfactory year for business in gen- 

eral has been recorded in industrial history. As far as the iron 
nd steel industry was concerned, at no time during ‘the twelve months 
lid business approach anything near a normal basis. The slump affected 
both raw materials and finished products in about the same degree. 
roduction of pig iron fell to a historically low point due to an un- 
usually severe curtailment of operations in June and July. Steel ingot 
output closely paralleled that of pig iron. The automobile industry 
which requires large tonnages of castings and many grades of steels has 
been producing on a greatly reduced plane. All this industrial inac- 
tivity has resulted in unemployment and idle equipment. 
As unsatisfactory as 1921 may have been, present indications for 
bespeak of better business. In the first place, certain national con- 
ditions have been improved. Financial needs of the government have 
been pared sharply and through a still unsatisfactory but moderated 
tax law, taxes have been lessened both upon private individuals and 
industry. A suitable tariff law protecting American goods and manu 
facture is expected to be forthcoming early in the year. As a result 
of the recent limitation of armament conference, expenditures for naval 
expansion have been greatly reduced. 

Industry once more released from burdensome taxation will be 
free to pursue its course on a normal basis and with its retrenched 
policies will be in excellent position to rebuild trade. Hope of reduced 
freight rates and transportation charges also spurs industrial activity. 
During the final months of 1921, pig iron and steel ingot production 
witnessed gradual improvement and an increasing number of inquiries 
indicated the closing of many orders-in the first quarter of the new 
year. Although no spurt is expected, it is intimated in financial and 
industrial circles this year will see a gradual recovery to normal con- 
ditions. 


192? 


NEW DEPARTMENT OFFERS INCREASED SERVICE 


AN YTHER feature has been added to TRANSacTIoNs, that of “The Ques- 

tion Box” which appears on page 346 of this issue. While this depart- 
ment is not new so far as affairs of the local chapters are concerned, it is 
new in this publication and has been inaugurated with the view of giving 
increased service to members of the Society. It will appear regularly as a 
department, its success depending upon the support which it receives. Mem- 
bers of the Society are urged to submit questions as they arise and those 
in a position to answer questions are requested to submit discussions. Many 
questions naturally must arise in every day shop practice to say nothing of 
problems which arise in experimental work in the laboratory. Thus questions 
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266 AMERICAN SOCIETY FOR STEEL TREATING lar 22 
should be forthcoming in sufficient number to warrant the expansion of \ 
department, thereby adding to its field of usefulness. To facilitate hand MM 
of “The Question Box,” each question will be given a serial number. - ; A 
members in sending in answers and discussions are requested to refer to t¢] é i 
numbers, thus eliminating confusion and errors. In brief the purpos A ae: 
this new department is to serve as a round table where practical quest: a Uy 
may be asked and practical answers and discussions may be returned. MM, ee 
bers of the Society are sincerely urged to make this their department, ot! - 
wise it must fail from lack of interest. a 
feml 
WILL HONOR INVENTOR OF THERMOCOUPLE th bk 
ECOGNITION for his achievements in advancing the heat treating pa 
metallurgical professions to their present day standards is to be giy 
Prof. Henry Le Chatelier bv presenting to him on the fiftieth anniversary 
his scientific career a suitably inscribed gold medal bearing his effigy. |; 
widely known, of course, that Professor Le Chatelier is the inventor of 
platinum thermocouple, but in addition he has made numerous valuable co \ 
tributions to science. If for no other accomplishment, the noted Fr S Chatel 
scientist is deserving of proper recognition for development of the ther careel 
couple. In the evolution and advancement of metallurgical operation | An A 
thermocouple has become universal as an accurate means for measuring te: metall 
perature and with its adoption former rule of thumb methods have be one t 
obsolete. ‘The thermocouple with its highly developed registering device, tly | 
pyrometer, has had much to do with promoting both quality and qua State 
production. lt is of fundamental importance. dl 
Kor the purpose of expressing to Professor Le Chatelier the apprecia ® the c 


tion of the heat treating and metallurgical professions, a French committee 
has been organized to collect funds for striking and presenting the meda 
In order that America may be represented in the movement, a subcommitte: 
of prominent American metallurgists and scientists has been appointed to 
secure funds in this country. What this committee expects to accomplis! 
and the methods to be used are outlined in detail on another page of this issue 
As the date of presentation of the medal will take place in the near future, | ( 
prompt response is desired. It is to be hoped that members of the American J9th 
Society for Steel Treating will accept the opportunity for honoring Profes 7 | 
sor Le Chatelier for his work in advancing their profession. 


SET DATE FOR WINTER MEETING oe 

HE Winter Meeting of the Society, or New York sectional meeting, wil! 

be held in the Engineering Societies building, 29 West Thirty-ninth street, — 
New York, on Friday, March 3. As yet the program is not complete!) 
arranged, however, several technical papers have been secured. A _ few ot 

them will appear in the February issue of TRANsaAcTIONS while the balance Prof 

will be placed in preprint form. tokes 


TRANSACTIONS INDEX IS READY * 
AN INDEX for Vol. I of TRANsActTiIoNns has been prepared and is now 


ready for distribution to readers. A copy may be obtained upon re 
quest to the National Secretary, 4600 Prospect avenue, Cleveland. |! 
contains the names of 84 authors. For convenience in finding articles, 
the cross index méthod has been used, some 300 subjects being liste 
To facilitate binding, the index is printed in pamphlet form and the sam: 
page size as TRANSACTIONS. 
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WILL HONOR FRENCH SCIENTIST AND INVENTOR 
A MOVEMENT has been started to honor Prof. Henry Le Chatelier, 


prominent French scientist and inventor bv presenting to him a medal 
earl nk his effigy. To assist in this movement, an American subcommittee 
as been selected to represent the metallurgists, chemists and scientists of 
\Inited States, the chairman being Prof. Albert Sauveur. The work of 
ssor Le Chatelier is of special significance to all heat treaters for to 
nan must be given the credit for inventing the platinum thermocouple. 
mbers of the Society are given the opportunity to contribute through 
blank which is shown below. The committee desires to have the money 
hand at the earliest possible moment. Following is a self explanatory 
ter sent out by the American subcommittee : 


lo the friends and admirers of Prof. Henry Le Chatelier and 


have profited by his inventions and his writings 


to those who 

number of colleagues, friends and students of Prof. Henry Le 

telier desire to commemorate the fiftieth anniversary of his. scientific 

by the casting of a medal bearing his effigy, to be presented to him. 

"Aaa an subcommittee has been organized in order that American 

ead , chemists and scientists may participate in this testimony to 
to ina we owe so much. 


is not desired to send to the French committee from the United 
State ia in excess of one thousand dollars, although the sum subscribed 
hould be large enough to cover the printing, mailing and other expenses of 


the committee. 


It is believed that those who recognize the great value to science and 
the metallurgical and chemical industries of the contributions of Prof. 
llenry Le Chatelier will be glad of this opportunity to associate themselves 
41 . 4 a.” - . . . . . . - - 
vith this mark of esteem and admiration. Subscriptions of one to five 
lollars will be welcome by the committee. 


Contributions should be addressed to Bradley Stoughton, 29 West 
39th Street, New York 


lf you desire to subscribe, kindly sign the enclosed slip, but do not 
dicate on it the sum subscribed. These slips will be forwarded to 
Professor Le ( hatelier, and the committee hopes that it will be able to se- 
ure at least one thousand of them. 


! desire to associate myself with the presentation of a medal to 
Professor Henry Le Chatelier, member of the Institute of France, as a 
‘oken of admiration for his work. and of gratitude for the benefits it has 

stowed on the scientific and industrial world. | 
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SELECTS NOMINATING COMMITTEE FOR 1921-1922 


RESIDENT F. P. GILLIGAN, of the American Society for S 
Treating, has announced the appointment of the Nominating ( 

mittee for the selection of national officers for the year 1921-1922. 
The personnel of this committee is as follows: 


Chairman, D. W. McDowell, chief inspector, Jones & Laug! 
Steel Co., Pittsburgh, Pa., and Secretary of the Pittsburgh Chapter. 


The members of this committee are: 


H. C. Goodwill, superintendent of dies, R. Wallace & Sons \\ 
Co., Wallingford, Conn., and Chairman of the New Haven Chapter 


W. J. Priestley, superintendent of hot metal department, Uni 
States Naval Ordnance Plant, South Charleston, W. Va., and Cl 
man of the Charleston Chapter. 


C. W. Schumann, mechanical engineer, Miehle Printing Press & 
Mfg. Co., Chicago, Ill., and ex-secretary of the Chicago Chapter. 


C. S. Moody, metallurgical engineer, Minneapolis Steel & Mac! 
ery Co., Minneapolis, Minn., and ex-chairman of the Northwest Chap: 


This committee will announce its selection of candidates for 
tional officers in June. These new officers will be elected by 
ballot sent to the members of the Society and will assume their offi 
during the 1922 National Convention at Detroit, Sept. 25 to 30. 


Voting members of the Society are requested to recommend to the « 
mittee the names of eligible persons for the elective offices. 


EDUCATIONAL PROGRAM RECEIVES ENDORSEMENT 


ONSIDERABLE attention has been attracted to the educational pr 

gram which various chapters of the American Society for Steel Treating 
have initiated during the past few months. So far as its educational work is 
concerned, the Society today probably is leading the field. This policy 
been endorsed by the Jron Age which in its Dec. 1 issue speaks editorial 
as follows: 

‘A unique development in the work of the American Society for Stec! 
reddlea had its inception last year in one of the New England districts 
where certain chapters started an educational program at their monthly meet 
ings. This year the movement has so far expanded that the society may | 
said to take the lead in active educational work among its members. A co! 
spicuous example is the Philadelphia chapter, which has organized an evening 
course in metallurgy and heat treatment at Temple University. In the Ne 
York chapter a series of monthly meetings has been arranged, the program 
for which contemplates a progressive course in steel metallurgy and heat 
treatment. Each month an authority in a particular line gives the chief | 
ture, which is followed by questions and discussions. Brief abstracts are 
given also of the principal articles on metallurgical subjects in the technic 
press. Other local chapters are adopting similar plans. Fostered by the | 
tional board of diréctors and by visits of the national president to loca 


4 


chapters, the departure promises greatly increased interest in the work of thi: 


enterprising society.” 
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SOME BRINELL HARDNESS MEASUREMENTS ON SMALL 
SPECIMENS 


By E. D. Campbell 


T HE value of knowing the Brinell hardness number of steel has been 
recognized for so many years that this method of testing has become al- 
universal. For the harder class of metals, such as steel, a standard 
condition of testing, using a 10-millimeter ball with a load of 3000 kilo- 
ms has been adopted generally, while for soft metals the same sized ball 
ler a load of 500 kilograms is used. To insure accuracy of results when 
<ing under standard conditions, the width of the test specimen should 
be much, if any, less than twice the diameter of the ball, nor the thick- 
ness much less than the diameter. The scleroscope has been found satis- 
‘tory for testing many small specimens and thin plates or sheets. Dur- 
ing the war some new forms of Brinell machines, adapted for use with 
small balls only and a very light load, intended for testing thin sheet brass, 
such as cartridge cases, were perfected. Special devices were required for 
measuring the diameters of the impressions made with these small balls 
and new tables had to be computed to convert the values obtained into Brin- 
ell hardness numbers. 

In the course of the researches on the constitution of steel, which have 
been carried on in this laboratory during the past 30 years, it has been 
fo und during the last 6 or 7 years that small bars about 6 millimeters square 
and 15 centimeters long are better adapted to the facilities available, both for 
heat treatment and measurement of such properties as specific resistance, 
hermal resistivity, thermoelectromotive potential, etc., than any other size 
tried. Six or seven years ago a standard Alpha Brinell machine was im- 
ported and has been in regular use whenever specimens were large enough 
to be tested under standard conditions. 

The object of the present paper is to describe an attachment for the 
standard Alpha Brinell machine, which attachment has been in use in this 

iboratory for the past two or three years and enables hardness measurements 
to be made on small bars with almost as much ease and accuracy as can be 
done on larger specimens, working under standard conditions. In Fig. 1 are 
shown, in addition to the large regular balance, corresponding to a pres- 
sure of 500 kilograms on the ball, the light balance giving 95 kilograms pres- 
sure; two weights giving an additional 21 kilograms and three holders for 
balls of 10, 5, and 2-millimeters diameter. 
(he principle involved in working out the light balance was that if a 
ball—2-millimeters being adopted—were pressed into a smooth surface 
of given hardness and the image of the impression observed when a 16- 
\illimeter objective is substituted for the 48-millimeter regularly supplied 
ith a Brinell microscope, there must be some pressure w hich applied to the 
‘millimeter ball would give an impression which viewed through the 16- 
millimeter objective would appear the same size as an impression made with 
10-millimeter ball under 3000 kilograms load on the same surface, but ob- 
erved through the 48-millimeter objective. 

An approximate calculation of the weight necessary for a light balance, 
was computed from the following data. The large balance, equivalent to 


\ paper presented by title at the Indianapolis Convention. The author, E. D. 
Campbell, is professor of chemistry, University of Michigan, Ann Arbor, Mich., 
id an honorary member of the American Society for Steel Treating. 
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900. kilograms, weighed 3944 grams or a little less than 7.9 grams for 
kilogram pressure. When the 16-millimeter objective was substituted fo; 


48-millimeter, the magnification was increased 5.75 times. The _— 
therefore, which it would be necessary to apply to a 2-millimeter ball, 
be approximately 3000 (5.75)? or very nearly 91 kilograms. In ad. 


allow for possible friction of ths piston, etc., a balance was constructed 
light brass tubing, the whole weighing a little over 800 grams or equiva 


iia. ee 
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to something over 100 kilograms. A piece of steel of uniform hardness 
and large enough to use under standard conditions was then carefully polishe: 

and duplicate impressions made with a 10-millimeter ball under 3000 kilo 
grams pressure. The light balance was then submitted for the regula 
one and the 2-millimeter ball substituted for the 10-millimeter. An impres 


sion made with the 2-millimeter ball with the light balance was then 


served through the 16-millimeter objective. The impression appeared, 


} 
Op 


was expected, a little larger than the standard observed through the 48-milli 
meter objective. The light balance was then removed, the weight dresse( 


down a little, and the balance again tested as before. The light balance 
thus experimentally calibrated until finally, when the weight had been 


duced to an equivalent of 95 kilograms, the image obtained with the 
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llimeter ball under 95 kilograms observed through 16-millimeter objective 
exactly coincided with that obtained with the 10-millimeter ball under stand- 
| conditions. 


Comparisons were then made through a wide range of hardnesses, from 

it of ingot iron to freshly hardened hyper-eutectoid steels, the results 

lent : btained agreeing equally well through the whole range. In order to obtain 

S close agreement, it would of course be necessary that each instrument. be 

calibrated individually in accordance with the relative magnifying power 

| the objectives used. If the instrument is thus calibrated, the tables of 

| hardness numbers computed for the 10-millimeter ball under 3000 kilograms 

iy be used equally well when the hardness is measured with a 2-millimeter 

hall under 95 kilograms, but the image observed with the 16-millimeter 
objective. 

In order to adapt the instrument to the measurement of soft metals 
| such as are ordinarily measured with the 10-millimeter ball and 500 kilo- 
grams pressure, the following changes were made. A carefully polished 
surface of pure annealed copper was used in calibrating. Duplicate impres- 
S sions were made on this with a 10-millimeter ball and 500 kilograms and 
S observed in the usual manner. A 5-millimeter ball was then substituted for 

the 10-millimeter and an impression made with the 95 kilogram balance. 

\\hen this latter impression was observed through a 32-millimeter objective, 

which would increase the magnification 2.20 times as compared with a 48- 

llimeter objective, it appeared somewhat too small. Ordinary weights were 

hes added to the balance, new impressions made and observed through the 

32-millimeter objective until it was found that the addition of weights equi- 

valent to 21 kilograms would give an impression which when observed 

through a 32-millimeter objective, exactly coincided with that from a 10- 

millimeter ball under 500 kilograms and measured in the usual way. By 

using a 5-millimeter ball under 116 kilograms pressure and observing through 

a 32-millimeter objective, the same hardness tables, giving values for a 10- 
millimeter ball under 500 kilograms pressure, may be used. 


To obtain the most satisfactory results when using a 2-millimeter ball 

with the light balance, a number of conditions should be observed. By rub- 

=m bing a little heavy grease in the hemispherical depression of the holder and 
then pressing the ball i in, the latter will have no tendency to fall out when in 


—_ use. Magnetizing the holder causes the ball to leave the depression and 
. seek the edge of the holder. The surface to be tested must be polished 


almost the same as for metallographic work, although some very fine 
scratches are often useful in detecting the outline of the depression, since 
Bees the pressure of the ball produces a perfect polish in the depression itself. 
liched When the surface to be tested has been polished, it should be rubbed over 
kilo as a slightly oily cloth, to lessen the friction between the ball and the 


soulat rface of the metal being tested. When making an impression, the pump- 
a lg up to the point where the balance rises should be done slowly and 
: 1 carefully to avoid any temporary excess of pressure, and when the pressure 


d is up to that indicated by the balance, it should be held at this point at 


ct’ 1 


least 144 minutes to insure equilibrium. On account of the small size of the 





., impressions and the use of a 16-millimeter objective, it is necessary to use a 
Tae ine adjustment in order to focus. For this purpose the tube of the Brinell 
ae, i may be placed in an ordinary microscope stand and a mechanical 
‘-. ige may be used for moving the specimen until the impression is in posi- 





n for focusing and reading the diameter. Strong daylight gives decidedly 
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the most satisfactory illumination, but when this is not practicable obli 
illumination from two lamps, one on each side of the specimen, may be u 

About a year ago, in an article on “Notes as to Rates of Reaction 
Certain Steels at 930 Degrees Cent.,” (Journal Iron and Steel Institute, 1' 
No. II, page 281), the author submitted experimental evidence which sho\ 


that when bars 6 millimeters square and 15 centimeters long were quenc! 





TABLE I 
Composition of Steels and Quenching Temperatures 
Quenching 
temperature 
Steel degrees --- —_—————-Composition weight, per cent———— 
No. Cent. Carbon Mang. Phos. Sulphur Silicon Nickel Chrom. Tungs. | 
OF a ahah eel 938 .076 122 03 017 3.65 a 7 96.10 
RM iséikses 897 133 11.57 .055 .026 29 eta 88.00 
led 'v'ce wi 938 .036 .677 .038 .020 231 2.80 96.2 
on PPP ee 940 .027 405 013.018 162 4.48 az 94.9 
a 930 035 38 007 = .003 45 sai 1.40 es 97.7 
i «bio 897 .026 ae 018 .006 12 mas 24 5.04 942 
Pek sv edel 930 23 2/7 02 trace 88 ses 14.32 a. 84.3 
hives win’ 840 .68 37 O15 ders 29 che 32 5.50 Q2 8 
Dette «een 906 35 .08 .009 .024 018 OY 3 
a tke cand 910 76 22 016 3.041 .169 
BS ew deus 910 1.39 27 021 015 16 


*Indicates bars tempered 110 degrees Cent, iron determined bay Glleriace. 





in cold water, the rate at which the section first entering the water passed 
through the critical range must have been slower than at which the last 
section, No. 15 passed through the same temperature range, since there was 
enough difference in the concentration of the carbides remaining in solution 
to produce an easily measurable difference in thermoelectromotive potential 
at the two ends of the bar. 


of which strain is ia aiatad by both the ceatilite concentration at the in 
stant of quenching and the rate at which the metal passes through the critical 
range, it was thought that perhaps some further light might be thrown on 
this subject by measuring the hardness at both ends of a number of stecls 
with widely varying carbide concentrations. Eleven steels, in the form of 
bars 6 millimeters square and 15 centimeters long, were selected for the work 
The first six were steels which had been decarburized with hydrogen accor: 
ing to a method described in an article by the author on “The Decarburiza 
tion of Steel with Hydrogen,” (Journal Iron and Steel Institute, 1919, No 
Il, page 407). The seventh was a high chromium stainless steel; the eighth, 
a special magnet steel; while the last three were straight carbon steels, differ 
ing widely in carbide concentration. The compositions of these steels (0 
gether with temperatures of quenching are shown in Table I. 

After the heat treatment, the ends of the small bars were ground care 
fully and polished. Two heavy steel blocks, which had been used as a moli, 
served as a holder for the small bars while the Brinell impressions were 
being made. As in the paper on “The Rates of Reactions in Certain Steels 
at 930 Degrees Cent.,” these bars should be considered as being made up 
of fifteen sections, each 1 centimeter long, Section 1 being the end of the | 
first touching the water and Section 15 the last. The total time er 
for complete immersion of the bar, from the time Section 1 touched, 
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exceed probably 1/10 of a second, and the time required to cool from 


the quenching temperature to the time no color was visible, was from 4/5 of 

econd to 1 second. The total time from the time of quenching until the 

were down to bath temperature, was from 5 to 6 seconds. The re- 

. sults of the Brinell measurements at the two ends of the bars. and the 
ched wwerage hardness are given in Table II. 


A study of the data in Table II shows that in the strongly hypoeutectoid 
ls, Nos. 3. 4, 5, 6, 7, and 9, whether nickel, chrome, or straight carbon 
els, the rate of transformation of the gamma to the alpha form is so 
rapid that the difference in the rate of cooling between Section } and Sec- 

15 is enough to make a measurable difference in the amount of metal 
trapped in the transition state, hence in the degree of strain set up. This is 

licated by the greater hardness of Section 15 as compared with Section 1. 
- As has been known for many years, when manganese is atomically sub- 
0 ® stituted for iron, it tends to retain the metal in the gamma or nonmagnetic 
state. In steel No. 2, although the carbide concentration is quite low, the 

effect of the high manganese in suppressing the rate of transportation of the 
aad camma to the alpha state, is sufficient so that the difference in the rate 





ao Table II 
: Brinell Measurements at Opposite Ends of Bars 


Quenching 





Steel Carbon temperature ——Brinell hardness number 
assed ad ie per cent degrees Cent. Section 1 Section 15 Average 
er | .. 000 076 938 228 187 207 

taSl : 2 tcctee ee aeeen 133 897 364 364 364 
was . 3 .caesepeiee tudes .036 938 286 302 294 
uti nN $ 4 coeeseereeseeee es .027 940 202 228 215 
satis) |S «eee 035 930 183 207 195 
— 6 .sseneuee ranean .026 897 156 241 198 
1 ..endiadeeeede 23 930 311 364 337 
nount eT ee .68 840 713 713 713 
an 9 et baa, 35 906 418 512 465 
ett cal | eee re ee 76 910 600 600 600 
on ll. .segeb ee een 1.39 910 782 782 782 
11 ) 
steel 
_ of cooling of Section 1 compared with Section 15 is not noticeable, the bar 
ss having the same degree of hardness at both ends. 
- Since the effect of increasing the carbide concentration is also to sup- 
Nc press the rate at which the gamma iron transforms into the alpha condition, 
ae by this time the carbide concentration approaches the eutectoid point, as in 
ighth samples 8, 10 and 11, the effect of this retardation is also great enough so 
litter that the difference in rate of cooling between Sections 1 and 15 is not no- 
Is ticeable and the bars have the same hardness at both ends. 

These hardness measurements therefore seem to confirm the conclu- 
ne sions concerning rates of reactions in steels at high temperatures, drawn 
_ irom the previous studies on thermoelectromotive potential, 
were 
Steels 
de up 
he bat 
quired 


d, did 
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PREPARING TOOL STEEL AT THE MILL 
By A. W. F. Green 


MANUFACTURE of tool steel embodies a number of operations sta 

ing with the melting and continuing through the blooming, pressin; 
hammering, rolling and annealing processes. The quality of the product i: 
determined by the amount of care exercised in the selection of raw ma 
rials used in the melting process, and all subsequent operations. 

The chief considerations of this article are the effects of proper 
ishing temperatures in the hammer shop and rolling mill on the steel, and 
the normalizing and annealing of the product. It is not possible in 1 
short discussion to go into detail concerning the other operations whic! 


have bee 


“ni 


outlined. Discussion is limited to straight carbon and one 


two alloy steels exclusive of high speed steel. 

Hammering of tool steel may be divided into two separate operations, 
namely, cogging down, and finishing to a size. It is often the case 
the two processes are completed with but one heating of the material. Cog 
ging down consists in heating an ingot, bloom or billet to a suitable ten 
perature, from 1800 to 2100 degrees Fahr., depending upon the tenipera- 
ture at which hammering is to be stopped, and breaking it down into multi 
ples of a’size which may be more easily handled in the rolling mill or unde: 
smaller hammers. Cogging down usually is accomplished with hard blows 
of the hammer, the finishing temperature being generally in excess of the 
Ar range of the material, 1400 to 1600 degrees Fahr. After cogging down 
to the desired size and shape, the pieces are allowed to cool, in the air, 
in lime, ashes, etc., so that normalizing or partial annealing are accom 
plished without placing the material in special furnaces for that purpose 

Finishing to a size is done by reheating the cogged down pieces to a 
suitable temperature, 1800 to 2000 degrees Fahr., and then working then 


down to the desired size and shape. 


The blows at first are delivered hard. 


and as the material approaches the size and shape needed and also becomes 
colder, are increased in speed and made lighter so that the steel will not 
be ruptured and will be put into good condition structurally. “The coldet 
the material is finished, the closer to the exact size it can be made, because 
it has less shrinkage to undergo; but it will be harder, less ductile an 


stronger 


992 


Slow cooling in lime, ashes, etc., is sometimes done so that 


certain amount of annealing or normalizing may take place. 

Although it is certain that normalizing or annealing does take place t 
some extent when hammering is followed hy air cooling from a temperature 
at or above the critical Ar range of the steel, it is often the case that but 


relatively small areas are benefited. There are several reasons why this !s 
so. “The principle of the hammer is that of an almost instantaneous appli- 


1 
1 


cation of pressure applied to a relatively small area. This makes hammer- 


ing a slow process of reduction but results in a more uniform and better 
working of the crystals on ‘the surface at least, which is one of the chic! 
reasons for the superiority of hammered over rolled material”.* Thus 
is stopped at a temperature from which normalizing or an- 
nealing is possible, it is evident that the structural conditions of the ex- 


hammeri 


ng 


1. ‘Metallurgy of Iron and Steel,” by Stoughton. 
®. “The Making, Shaping and Treating of Steel,’ by Camp. 





A paper presented at the Indianapolis Convention. The author, A. W. F. Green, is chief 
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ior and the interior of the material are different. This is illustrated by 
‘tomicrographs in Figs. 3 and 4, which were taken from a steel contain- 

1.20 per cent carbon and 1.25 per cent tungsten after being hammered. 
x, 3 represents a section of the material taken along the surface, while 
ig. 4 shows a section of the center of the same bar. It will be noticed that 
the latter section, evidence remains of the original ingot structure in the 
dies of free cementite within the grain boundaries and which are entirely 
solution in the grains making up the exterior portion of the material. 
hus, it is evident that to secure the best effects of normalizing or anneal- 

the steel should be given a separate treatment than that which may be 
ven by regulating the cooling from the finishing temperature. 


Fig. 1—Diagram illustrating the action of the rolling mill on material passing through. Drawing 
1 from Camp. 


The chief effects of hammering, therefore, are gained by control of the 


heating and finishing temperatures of the steel as related to time, mass, sur- 


face, and the size of the hammer. Care must be exercised at all times to 


keep the furnaces used free from cutting flames and severely oxidizing at- 


ospheres. To illustrate the effects of improper furnace conditions on 
-tructure, reference is made to Figs. 5, 6, 7 and 8. In Fig. 5 is shown the 
cast structure of a steel containing 0.50 per cent carbon, and 1.50 per cent 
nickel. This steel when properly “heated for hammering and finishing cor- 
ctly, has a structure as shown in Fig. 6. When undue blast and intense 
flame is used for quick heating, and the steel is improperly cared for, struc- 
tures such as shown in Figs. 8 and 6 result. Fig. 7 also shows some of 

e effects of the severe decarburization which may take place. 

Rolling of tool steel also may be divided into two operations, namely, 
‘ogging down, and finishing. However, because of the speed with which 
hese operations are carried on and usually without the necessity for two 
eatings, it is difficult to draw a sharp line between them. 

“The ptocess of shaping steel by rolling consists essentially of passing 
he material between two rolls revolving at the same peripheral speed and in 
pposite directions, that is clockwise and counter-clockwise, and so spaced 
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that the distance betw een them is somewhat less than the height of the 
tion entering them.’* Various forces are, therefore, brought to bear uj on 
the metal entering the rolls and are demonstrated somewhat by the - : 


shown in Fig. 1, after Camp. ‘The exact crystalline action that takes ‘ 
under mechanical treatment is not known. In the case of rolling, P rote 
Howe has tentatively assumed the conditions graphically shown in Fiy 2 


in which the abscissa line represents the size of grain at the different 
peratures. At 2550 degrees Fahr. the grain size is represented by the | 


A- Drameter of Grain af tis This Finishing lem perature 


a a Ss 
Lramelir OF Grain 


Fig. 2—Graphical representation of grain size at the different temperatures as steel receives passes 
through the rolling mill. Reproduced from Howe’s “Iron, Steel and Other Alloys.” 





zontal dotted line from vertical axis. On the first passage through the rolls 
the grains are crushed to a very small size, but on emerging again they 
grow rapidly. Meanwhile, however, the metal has been cooled, and this 
fact, as well as the inability of the grains to grow constantly, causes the new 
size of grain to be smaller than before. Therefore, each passage through the 
rolls renders the crystals smaller in size, the final size depending upon _ 
temperatures and the amount of reduction in the last pass.”* It is quite e 
dent that to place rolled steel in the best condition for future use, rolling 
must be followed by normalizing or annealing or both of these treatments 
The temperatures to which steel is heated for rolling are generally 
excess of those employed for hammering, namely 2000 to 2400 degrees Fal 
and consequently because of the process it is a great d 
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Etched with 
Etched 


Fig. 3—Structure on surface of 1.20 per cent carbon, 1.25 per cent tungsten forged bar. 


Fig. 4—Structure in center of same bar shown in Fig. 3 
Fig. 5—Cast structure of 0.50 per cent carbon, 1.50 per cent 


Structure of correctly hammered bar of same 


per cent nitric acid and X 120. 
5 


10 per cent nitric acid and X 120. 
Etched with picric acid and X 120. Fig. 6 
el shown in Fig. 5. Etched with picric acid and X 120. Fig. 7—Structure of same steel as Fig. 
properly heated for hammering. Etched with picric acid and X 120. Fig. 8—Structure of same 
Fig. 5 improperly heated and showing excessive decarburization. Hammered structure. Etched 


kel stee l, 


teel a 


picric acid and X 120, 
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Fig. 9—Structure of 1.10 per cent carbon tool steel due to severe overheating in mill furna 
Etched with 10 per cent nitric acid and X 120 Fig. 10-——-Structure of 0.80-0.90 per cent carbon t 
steel heated too high for work to be done in rolling mill. Etched with 10 per cent nitric acid and X 
Fig. 11—-Structure of 1.05 per cent carbon tool steel which has been heated too high in rolling 1 
furnace. Etched with 10 per cent nitric acid and X 500. Fig. 12——-Structure of 1.05 per cent carb: 
tool steel heated 300 degrees Fahr. less than that. shown in Fig. 11 and then rolled. Etched in 10 1 
cent nitric acid and X 120 Fig. 13 
decarburization due to improper heating in mill furnace 
Structure of 1.10 per cent carbon tool steel seriously 
10 per cent nitric acid and X 120 


Structure of 0.80-0.90 per cent carbon tool steel showing excess 


Etched with picric acid and X 120. Fig. 14 
decarburized in rolling mill furnace. Etched w 
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to control the finishing temperatures, or the temperatures at 
ing 1s stopped. 


which 
| [hese temperatures are dependent upon the kind of ma 
ial being rolled, the size ot the ingot or billet, the size and speed ot the 

and the number ot passes employed in reducing the steel to the de 
ed shape and size \ good illustration of this is shown in the rolling of 
o billets four inches square and weighing 160 pounds each. One contains 


lO per cent carbon and the other 0.10 per cent carbon. Both are rolled 
a l-inch round section with eight passes in the mills. The temperature 


rolling the first billet will approximate 2000 degrees lahr., while the sec 
| or low carbon billet will be rolled from a temperature of about 2400 
egrees Fahr. 


I:tforts are being made to obtain better control of heating temperatures 
rolling mill work by the use of continuous billet heating furnaces in 
vhich furnace design and temperature control apparatus play an important 
part lt is necessary that the heater on a rolling mill furnace be an 


exper! 
enced and trustworthy man. 


His experience serves him in that he is able 
give steels of varying chemical content the correct heating for the work 


be given it in the mill. ‘The effects of improper heating are shown to some 
extent in the photomicrographs of Figs. 9, 10 and 11 lig. 9 represents 


the finished structure of a steel which was to have been used for making 
threading dies, containing 1.10 per cent carbon. Investigation showed _ that 
the steel had been placed in the furnace in such a way that it was exposed 
to a very hot flame, and after firing up the furnace the heater decided to go 
on a strike which lasted for three hours, and resulted chiefly in the ruina 

nm of the steel in the furnace. Fig. 10 shows the structure of an O.80-0.90 
per cent carbon tool steel which had been heated too high for the work to 
he done—the finished size was over 1'4 inches in diameter—thus being 
finished at too high a temperature. Fig. 11 shows a steel containing 1.05 
per cent carbon which had also been heated too high. ig. 12 is the photo 
micrograph of a steel containing 1.05 per cent carbon which had been 
heated 300 degrees Fahr. less than that shown in Fig. 11 and _ finished 
at the correct temperature. 

However, there is another serious defect which results from improper 
heating in the rolling mill furnace, and that is decarburization. Fig. 13 shows 
the decarburization occurring in O.80 to 0.90 per cent carbon tool steel which 
has been exposed to a cutting flame and in a severely reducing atmosphere 
lig. 14 shows the same condition, but the effect is much 
that the carbon has been extracted to a greater depth bs 
the rolling mill furnace under adverse conditions. Fig. 15 represents the 
decarburized structure of sheet steel used in the manufacture of knife blades. 
the effect being so serious that the steel had to be pickled in order that the 
xide or scale would be removed from the decarburized surface, so that when 
the steel was reheated the new oxide would be formed of a good portion 

the free iron of the low carbon area 
hing in the mill. 


more serious in 
long heating in 


This scale peeled off during fin 


Figs. 16, 17, 18 and 19 represent a series showing the make-up oi 


teel as it enters the rolling mill furnace and some of the structures sub 





equently produced. Fig. 16 shows the cast structure and Fig. 17 the 


tructure of the steel as it comes trom the cogging down rolls 
receives three passes in being reduced from a 4-inch square to 1! 
nch square. Fig. 18 shows the finished structure of ‘the steel. Fig. J 


ws the structure of file steel which had been finished at too high 


where 
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al 
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Fig. 15—Structure of 1.15 per cent carbon knife blade steel seriously decarburized in mill furn 
Etched with 10 per cent nitric acid and X 120. Fig. 16—Cast structure of 1.40 per cent carbon 
steel, Etched with 10 per cent nitric acid and X 120. Fig. 17—Structure of file steel of Fig. 16 aft 
being cogged down in three passes, evidences of cast structure still showing. Etched with 10 per « 
nitric acid and X 120. Fig. 18—Structure of file steel as it comes from the rolls finished properly 
at correct temperature. Etched with 10 per cent nitric acid and X 120. Fig. 19—Structure of file st 
finished at too high a temperature and then hardened. Etched with 10 per cent nitric acid and X 


Fig. 20-—-Structure of file steel correctly finished in rolling mill and then hardened. Etched with 10 | 
cent nitric acid and X 120, 
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iperature and then hardened, and lig. 20 represents the hardened 
ucture of file steel which has been properly treated and correctly 
finished in the mill. 

From the foregoing it is quite evident that the lack of care in the 
rolling mill can make the work of the tool steel worker and heat 
treater very difficult, and also that temperature control is of the ut 
most importance in the rolling of steel. The finishing temperature is 
under greater control in the hammering process than in rolling, as 
tated previously, because the conditions which go to make up the two 
operations are vastly different. The best temperature for the finishing 
of rolled steel is at the Ar range of the steel. This may be determined 
in a number of ways, but probably the simplest means is by the mag 
net and the condition of the scale. The use of the magnet is based on 
the magnetic properties of steel above and below the 
since steel above the range is nonmagnetic. The change represented 
being from the alpha to gamma state. The other method based on the 
condition of the scale or oxide on the steel, is that when steel has 
passed through the Ar range, the scale will not lift 
during further cooling, 


critical stage, 


from its surface 


Microscopically the finishing temperatures of steel may be deter 
mined by the structure of the cold material. after cooling on the mill 
Hoor. Figs. 21, 22, 23, 24 and 25 show the structural conditions of a 
steel containing 1.10 per cent carbon and finished at different tempera 
tures, with the exception of Fig. 25 which shows the finished structure 
of a steel containing 1.10 per cent carbon and 1.60 per cent chromium. 
It has been found that in those cases where the finishing temperature has 
been so regulated as to produce a sorbitic structure as shown in Figs. 
23, 24 and 25, that a simple anneal at a temperature under the critical 
range is sufficient to produce a high grade annealed tool steel of the 
kind best suited for the tool maker and treater. 

\s previously stated normalizing or annealing or both 
treatments are necessary if tool steel is to leave the 
best condition. Efforts have been made to show why 
malizing is especially necessary in steels 
chromium. One evidence of this fact is seen by referring to photomicro 
graphs, Figs. 26 and 27. Fig. 26 represents the structure of a chromium 
carbon steel containing 1.72 per cent chromium and 1.34 per cent carbon 
iter being hardened. The steel was first hammered to size, heated to 
000 degrees Fahr. for several hours and slowly cooled in the furnace 
iter which it was hardened. Mig. 27 shows the structure in another 
place of the same material which was hammered to size, air-cooled. 
then heated to 1650 degrees Fahr. and air cooled or normalized, and 
then annealed at 1600 degrees Fahr.. or slowly ‘cooled in the furnace and 
then hardened. The structure in Mig. 26 was produced in hammering 

il comprises areas of free carbides which did not go into solution with 
he rest of the material under ordinary annealing. The finishing tem 
perature of the steel was slightly in excess of the Ar range. In Figs. 
¢8, 29 and 30 are shown the structures of chromium carbon steel con- 
taining 1.30 per cent carbon and 1.60 per cent chromium which was 
normalized after hammering and then annealed. Fig. 28 was heated to 
[800 degrees Fahr. slowly cooled in the furnace to 1100 degrees. Fahr. 
and then air cooled. Fig. 29 was heated to 1550 degrees Fahr. after 
hammering and cooled in the furnace, while in Fig. 30 the structure 


s° 


of these 
steel mill in the 
this is so. Nor 
containing alloys such as 
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Fig. 21—Structure of 1.10 per cent carbon tool 
pearlitic structure with free cementite. Etched with 10 
Structure of 1.10 per cent carbort tool steel finished above the Ar range showing pearlitic condition 


steel finished above the Ar range and showin: 
per cent nitric acid and X 500, Fig. 

some sorbite and tree cementite. Etched with 10 per cent nitric acid and X 500, Fig. 23——Structu 
1.10 per cent carbon tool steel finished at or near the Ar range showing sorbito-pearlitic condition 
little free cementite. Etched with 10 per cent nitric acid and X 500. Fig. 24—Structure 
cent carbon tool steel correctly finished at Ar range showing wholly sorbitic condition. Etched 

10 per cent nitric acid and X 500 Fig. 25—Structure of 1.10 per cent carbon, 1.60 per cent chron 
tool steel correctly finished in rolling mill. Sorbitic condition. Etched with 10 per cent nitric acid 
X 120. Fig. 26—Structure of 1.34 per cent carbon, 1.72 per cent chromium tool steel hardened show 


effects of free carbide which did not go into solution with simple annealing after hammering to s 
Etched with 10 per cent nitric acid and X 120. 


a 
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pWitls 

vr, Fig. 27—Structure of same steel in Fig. 26 but which has been normalized 
om W re annealing and hardening, Etched with 10 per cent nitric acid and X 120 ig. 28—-Structure of 
ture per cent carbon, 1.60 per cent chromium tool steel which hi been heated degrees Fahr., 
yn Ww ly cooled to 1100 degrees Fahr., and then air cooled after hammering Etched with 10 per cent 
10 acid and X 120 Fig. 29-—Structure of 1.30 per cent carbon, 1.60 per tool steel 
ed w | to 1550 degrees Fahr. and cooled in furnace with door open Etched with cent nitric 
jrom! ind X 120. Fig. 30—Structure of 1.30 per cent, 1.60 per cent chromium teel atter annealing 
icid ‘SO degrees Fahr., following treatments of Figs. 28 and 29 Etched w r cent nitric acid 
X 120. Fig. 31 Structure of 1.15 per cent carbon tool steel showing cementite due to 
with 10 per cent nitric acid and X ig. 3 Structure of 1.10 
itu ‘ icaled above the A¢ 


show 


to s 


temperature working. Etched 
ent carbon tool steel which has been finished at too high a tem 


A great grain growth shown. Etched with 10 per cent nitric acid and 
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shown was produced by annealing at 1450 degrees Fahr. after the pri 
ious treatments. The finishing of high carbon content steel at hi; 
temperatures sometimes causes the cementite to separate out in | 
form of longitudinal lines much the same as the ferrite of a low carh 
steel forms bands when cold worked. Such a condition is shown 
Fig. 31. Normalizing followed by annealing is necessary to corr 
such a condition. 

It is sometimes the case that a steel which has been finished at t 
high a temperature is annealed at a temperature just over the Ac ran; 
for a long time and the grain growth is excessive. Such a condition 
shown in Fig. 32. This represents a 1.10 per cent carbon tool stee! 
which was annealed too long a time at 1400 degrees Fahr. after bei: 
finished at too high a temperature. Fig. 33 shows the same steel alte: 
being normalized at 1500 degrese Fahr. and then annealed at 1250 « 
grees Fahr. The cementite is completely broken up into small globul 
or spheroidized. <A steel sent from the mill in the condition shown 
Fig. 32 causes a great deal of trouble as it does not produce efficien! | 
tools. A hardened and tempered structure of the steel poorly treated i: i | 
shown in micrograph Fig. 34 and easily proves why tools in that con 
dition are practically useless. 

The correct structure for tool steels to be placed in the hands oi 
the user has been found to be that in which complete spheroidization 
of the cementite has taken place. ‘To obtain that structure it is nec: 
sary that the finishing temperatures of the steel be carefully regu 
lated for the production of a sorbitic structure. Figs. 35 and 36 show 
the structures of 1.10 per cent carbon steel which has been annealed 
at 1350 degrees Fahr., a temperature just above the Ac range. It had 
been finished at too high a temperature in the rolling mill. Figs. 37 and 
38 show the same steel after being heated to 1500 degrees Fahr. fo! 
lowed by air cooling and then annealed at 1250 degrees Fahr. ani 
cooled in the furnace. 

This article constitutes a plain statement of facts with sufficient 
illustrations to bring out some of the easily passed over, but fundament 
ally important phases of the manufacture of tool steels. The chief aim 
has been to present these illustrated facts without too much detail of 
equipment. The preparation of tool steel at the mill has been shown 
to embody the control of finishing temperatures, normalizing, anneal 
ing and the spheroidization of cementite, dependent upon the knowledge 
and use of the fundamental factors of steel treatment, namely time, 
temperature, mass, surface, and last but not least, the human element. 

The steel mill has at least awakened to the necessity of producing 
tool steel that will cause the least trouble for the user and make the 
most efficient tools when properly handled by the steel treater, and it 
is hoped that the mechanical developments of the future, such as fut 
naces more economical in fuel consumption than many now used, ani 
a better and more thorough understanding of the value and use 0! 
pyrometers and kindred apparatus will make the task easier to accom 
plish. Such a realization will constitute a marked step forward in the 
art of steel manufacture and treatment. 





Discussion of Mr. Green’s Paper 
MR. SMALL: I would like to ask Mr. Green a question in refe! 
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Fig. 33—Structure of 1.10 per cent carbon tool steel shown in Fig. 32 but normalized at 1500 degrees 
l the hr. then annealed at 1250 degrees Fahr. Etched with 10 per cent nitric acid and X 120. Fig. 34 
tructure of 1.10 per cent carbon tool steel shown in Fig. 32 hardened showing large grains which were 
broken up by the hardening operation Etched with 10 per cent nitric acid and X 120. Fig. 35 
ructure of 1.10 per cent carbon tool steel which was annealed at 1350 degrees Fahr. after having been 
shed at too high a temperature in the rolling mill. Etched with 10 per cent nitric acid and X 120. 
rig. 36—Same structure as in Fig. 35 but X 500. Etched in 10 per cent nitric acid. Fig. 37——Structure 
1.10 per cent carbon tool steel same as in Figs. 35 and 36 but normalized at 1500 degrees Fahr. and 
refe! n annealed, showing spheroidized cementite Etched with 10 per cent nitric acid and X 120. Fig. 


Same structure as in Fig. 37 but X 500 Etched with 10 per cent nitric acid and X 500 
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ence to the cementite segregation in those two pieces that broke. | 
you contend that the breaking was along those lines of segregation ? 

MR. GREEN: It was in this particular case. 

MR. SMALL: Do you think that would be true in other cases 
well? 

MR. GREEN: I see no reason why it shouldn’t be. Cementite 
straight carbon steels is the hardest and consequently the most britt 
constituent, and if you divorce it and throw it out into certain wel 
defined lines, it 1s naturally a source of weakness in that particul 
tool. Now the tool that broke was a round die about 4% or 5 incl: 
in diameter, and probably 3% inches thick, and it broke right acro 
the section. ‘The evidences were so plain that it followed those glob 
lar conditions that the microscope simply served to prove the point. 

MR. MARSHALL: A hole, or a notch or a niche would aggravat 
that? 

MR. GREEN: It was aggravated by a small center punch mark 
a place punched for a drill for machining in the lathe. 

MR. HOFFMAN: Did I understand you to say that proper for; 
ing temperatures for most grades of tool steels were 2100 to 2400 ( 

s > 
grees Fahr.? 

MR. GREEN: I said the temperatures. in rolling were genera! 
higher than in forging. I said the general rolling temperatures. But 
| don’t think you will find tool steel is carried as high as 2400 «i 
grees Fahr. 

MR. HOFFMAN: What would vou suggest as the proper rollin; 
temperature? 

MR. GREEN: It is impossible to suggest unless you know thi 
analysis and size of material, speed of the mill and the number 0! 
passes that are to be given to the material. 

MR. CROW: I would like to ask if you would, under any coni 
tions, ever heat a tool steel to 2400 degrees Fahr.? 


MR. GREEN: I think in that portion of the paper I tried to show 
that lower carbon steels were taken that high. 


MR. D’ARCAMBAL: I noticed on the sample that you normalize 
and then annealed you always annealed at 1250 degrees Fahr. Wh. 
did you go lower than you would on a straight annealing? 

MR. GREEN: That is hard to answer. To assure a proper too! 
steel leaving the mill with a structure that is acceptable to our cus 
tomers for the work they desire to use it we have found that it is nec 
essary to give them a cementitic condition where the cementite is en 
tirely globular and to do that it is necessary to make a low temperatur: 
anneal. In those specimens that were normalized we normalized a' 
1500 degrees Fahr. to be sure that all cementite was thrown into solu 
tion at the high temperature before taking the lower anneal, although 
I have been able to successfully anneal steel in one operation, wher 
the finishing temperature in the mill has been taken cafe of and th: 
steel finished at approximately the Ar range, or slightly under. 


MR. D’ARCAMBAL: The reason I asked that question was that 
we were furnishing Some steel to one mill and they normalized it ani 
claimed they re-annealed it from 1380 to 1400 degrees Fahr. 
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MR. GREEN: 1 don’t believe that it is possible at 1380 and 1400 
erees Fahr. to give the steel to the customer in the globular cemen- 
tic condition. In fact, I think Dr. Sauveur has brought that matter 
ut in his book, that low temperature annealing is a great help in pro 
ucing the globular cementite. 

MR. DPARCAMBAL: How do you determine the proper high 
eed steel finishing temperature with hammering? 

MR. GREEN: | haven’t done any work with high speed steel. 

MR. DPARCAMBAL: One of the mills was telling me the other 
ay they had some sort of magnetic system, but I didn’t know just 
ww magnetism with high speed steel acted. 

MR. GREEN: I know nothing about it, and cannot answer your 
juestion. 
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HEAT TREATMENT OF STEEL FOR ORDNANCE PURPOSES 
By H. F. Leary © 


EVELOPMENT of the arts of metallurgy and metallography h 

been an important factor in the development of naval ordnance 
its present high state of efficiency. ‘The improvements in guns, arm 
and projectiles have been due largely to the steady development of t! 
science of heat treatment. 

It should be understood distinctly that heat treatment is an exa 
science, and is a means to an end, but that the most scientific heat treat 
ment alone cannot accomplish desired results unless the material to 
heat treated is of the proper quality. In other words, too often the hea 
treatment department has been called upon to doctor up and rend 
satisfactory material improperly melted. In order that the science ai 
results may be exact, the material, when turned over for treatment, mu 
be homogeneous, free from impurities, and carefully melted. For e) 
ample, if the aim is certain physical properties, these properties might 
be obtained by a standard thermal treatment in a homogeneous, pur 
carbon steel, whereas, if the melting methods are not modern and scien 
tifically carried out, it might be necessary to use an alloy steel to ob 
tain results as satisfactory. ‘The necessity for quantity production wit 
the consequent working of the melting plants to maximum capacity, ha 
been detrimental to the development of the quality of production. | 

Another important point for consideration at the start is that we = | 
cannot expect to obtain the same results in large masses that we ol : 
tain on small specimens in a laboratory. ‘That is, we cannot compar: s 
such results where there are mechanical treatments, or where thermal! : 
treatments involve a rapid cooling. 

Failure to attain physical properties from a standard thermal treat 
ment is not due alone to the melting, for the mechanical treatment o 
forging, and the preliminary annealing, or normalizing are also of th | 
greatest importance. Not more than two decades ago, the thermocoup| 
pyrometer was unknown in ordnance work. In the treatment of pro 
jectiles and gun forgings the eye of the heater was used, and on the 
skill of personnel depended the success in meeting physical require 


ments much as the success of the Damascus steel sword depended on 5 
the skill of the workmen. ; 
When test bars showed unexpected failures, it was attributed to : 


flaws or defects without any effort being made to know what these flaws 
were, or what caused them, and the forgings in question were treated 
or doctored up in order to meet the requirements. As the requirements 
of the specifications became more rigid, and as the arts of metallurgy 
and heat treatment developed, the science became more exact. Steps 
were taken to prevent grain growth after forging. Preliminary anneal 
ing was developed. Buttons were taken, and other metallographic ex 
aminations were made to determine whether the material was uniform 
and properly normalized before proceeding with thermal treatment. 
Couples were attached to the forging to be treated, and the temperature 
at various points on the forging recorded, rather than depending on the 
furnace temperature. Self-recording pyrometers were introduced. The 
effect of time of heating; holding the heat; the difference in quenching 
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iediums; the time of immersing the steel; the time in the bath and the 
mperature of the bath, and of the piece when withdrawn, were all 
tudied and recognized as of importance in obtaining the desired results. 
he theory of stress accumulation was considered, and the necessity for 
voiding undue strains. The geometric condition of the forging was 
tudied. The skin effect and the necessity of preliminary machining 
fore quenching was also recognized. 

The question of saving in weight has been a vital one, and a careful 


1 


udy has been necessary to determine the strength; the necessary fac 
tor of safety of a part; and how this required strength may be de 
eloped in as light a piece as possible. The torpedo is an example 6f the 
ecessity of saving weight, where the mechanical design has developed 
torpedo capable of running more than 5 miles at high speed. This 
would have been impossible had it not been practicable to build a steel 
ir flask 10 feet long and 21 inches in diameter which would safely con 

tain air compressed to more than 5000 pounds per square inch. 
In general, the specifications covering ordnance material do not 


pecify the heat treatment to be given. The physical and chemical re 
quirements are specified in detail, and provided tests demonstrate the 
suitability of the material, it is considered satisfactory. However, there 


ire certain general requirements regarding heat treatment which are 
incorporated in the specifications with the idea of insuring uniformity 
{ the material and preventing injury through improper treatment. 

These requirements include such specifications, as in the case of 

rgings, that they must be rough machined before treatment; that com 

plete records of treatment must be kept; that in the case of castings, 
rapid cooling can be permitted only in certain cases specifically ap 
proved, and that they must be carefully annealed. In certain cases it 
is specified that quenching shall or shall not be permitted in the case of 
iorgings, but it has not been the practice, as in some commercial speci 
fications, to specify temperatures that shall be used. 

The ordinary physical tests specified are tensile, bends, and in some 
cases Brinell and scleroscope. All these tests are static tests, and it 
would seem important to develop some form of dynamic test, inasmuch 
as the material is of a class which must withstand severe shock. The 
fact must not be overlooked that upon completion, the material is sub 
jected to a ballistic test. The gun is proof fired at pressures greatly in 
excess of service pressure, the mount is proved, the torpedo is fired on 
trial runs, and the armor and projectiles are subject to ballistic test. 

In all work in connection with gun mounts, it is essential that the 
castings shall be free from stresses, and of a composition and treatment 
which would exhibit shock resisting qualities. The fact that these cast 
ings are always rigidly inspected for blow holes and other flaws com 
mon to castings necessitates their being melted carefully, and this care 
tends to uniformity which renders them susceptible of responding to 
proper heat treatment. In the larger castings it has been necessary 
generally to use a nickel steel alloy in order to insure the physical re 
quirements. Care must be taken both in inspection and manufacture to 
insure that the treatment is such that the entire casting will receive the 
heat, and that the piece is properly disposed in a furnace to effect this. 

Gun yokes for even the largest caliber guns have been made of steel 
castings. In some of the earlier cases, fracture occurred on proof of 
the gun, and revealed an ingot structure even though successful tests 
had been made from coupons. This shows how little coupons can be 
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depended upon, unless the piece has been properly disposed in the fu 
nace, and the treatment properly conducted by pyrometric control. 

In general, coupons of ordnance castings must be attached to ¢ 
body of the casting and not gated on. In small castings, it is m | 
preferable where representative testing is resorted to, to cut up castin, 
selected at random, taking tests from the body of these castings. Mai 
ufacturers desire to attach coupons so that they can be broken 
readily in-the foundry without the necessity of machining, but in th 
case the area of radiation on the coupon is much greater than the ar ) 
through which the coupon can receive heat from the casting duri: } 
cooling, so that the coupon will pass more rapidly through the critic | 
range than the body of the casting, and therefore, in the majority 
cases, gives false results on the physical tests. On large castings fs 
would be a good practice to machine out test specimens wherever the: a 
is sufficient metal to insure that the treatment has been effective, unle t 
the treatment has been properly supervised. 

In the old days when guns were cast, their effectiveness was lin _ 
ited by the pressure that they would stand without bursting, and tl , 
only way to increase their strength was to increase the thickness 
fi their walls. After a certain limit of thickness was reached, no increas 
of strength could be obtained. ‘The built-up gun resulted. 

The improvement in the effectiveness of our naval ordnance gui 
has kept pace with the development of the art of heat treatment by th 
introduction of alloy steels and careful heat treatment. We have bee 
able in the past 20 years to increase considerably the physical requir 
ments of the steel from which guns are built, and when the art develope: 
so that enormous ingots could be cast successfully and homogeneou: 
enough to be heat treated so that they met our requirements, it becam: t | 
possible to manufacture the largest possible caliber guns. It is doubtfu ' ; 
whether a 16-inch 50-caliber gun could have been manufactured success 
fully under the specifications of 20 years ago, even though the ingot 
could have been cast of that size, and the mechanical equipment wa; 
available for the manufacture. 

Specifications for gun forgings for the army and navy are alike, ani 
are covered by a complete booklet. Numerous paragraphs are given 3 
regarding raw materials, discards, and size of ingots in order to insur« 
that the material to be heat treated shall be of the best possible quality, 
and which, together with the requirements for heat treatment, will in ’ 
sure that a rigid treatment is not necessary to obtain the desired phy & 
sical condition to pass satisfactory test. 

No definite process is specified for the steel, but it is specified that 
the forgings shall be made of domestic steel manufactured from the best 
quality of raw material and by an approved process. Successful forg ? 
ings generally have been manufactured of acid open- -hearth steel, ani 
it is believed that outside of the electric furnace, the best results ar t 
obtained by this process. The reason for this appears to be that th: 
acid process gives the most homogeneous steel with greater freedom | 
from oxides, segregation of the metalloids and other impurities. : 


Cases have been found where manufacturers endeavored to usc 
ingots made by the basic process. Although the mechanical and ‘heat 
treatment was ‘such as would have insured success on an acid ingot, 
failure on physical test has resulted in one or more of the test spec! 
mens taken, and ultimately caused the manufacture to be made of acid 
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‘eel. In some cases alloy steel ingots were used, the ingots being 
milar to those from which satisfactory commercial forgings are made. 
No requirements as to chemical composition are imposed, other 
an specified in maximum sulphur, phosphorous, and copper content. 
ertain forgings are made of what is defined as gun steel, which is a 
mple carbon steel. Where alloy steel is specified, a simple carbon 
teel is meant with such percentage of the alloy added as is necessary 
obtain the required physical properties. 
The physical properties specified vary from 86,000 pounds per square 
ch tensile strength, 46,000 pounds elastic, 18 per cent elongation, and 
per cent reduction of area, to 95,000 pounds per square inch tensile 
irength, 65,000 pounds elastic limit, 18 per cent elongation, and 30 
er cent reduction of area. While these properties are exceedingly easy 
meet in small forgings, it is a difficult matter to manufacture and heat 
reat forgings of the largest size so as to exhibit these properties uni 
rmly. The location and number of test specimens is such as to cover 
the area of the cross section of the forging, and to insure that the de 
sired properties are obtained throughout the mass. It is of interest to 
iote that in all cases of physical test, the elastic limit, or limit of propor- 
ionality, must be obtained by the use of a micrometer extensometer. 
c | In the case of the largest forgings, four test specimens are taken 
| it each end of the forging and are slotted out and so located as to cover 
the outer, middle and inner portion of the forging. In the case of failure 
{ any of these test specimens, which are taken tangentially or trans- 
erse to the axis of the forging, a replace bar is laid out in wake of the 
failing bar and closer to the finish line, and the obligation is placed on 


































































































" the manufacturer to provide sufficient metal to cover all the necessary 
a tests. To insure that the greatest care will be taken in the heat treat- 
ca ; ment of our gun forgings, it is required that the manufacturer shall 
_ issure himself by trial test specimens that the material is in proper con 
au dition before it is submitted, and the number of submissions is limited. 
: In rare cases, if the history of manufacture, treatment and test bars 
varrant, additional tests may be allowed, but in such cases a full num- 
= ber of bars are taken with such additional ones as are necessary to 
cover the location of all bars which have previously failed, and it is 
in seldom that such a forging is ultimately accepted. [Experience in test- 
ven ing has shown that the greatest percentage of failures is due to impuri- 
ure ties in the nature of ghost lines and other segregations in the forging. 
TS (his 1s indicated by an irregularity in the results of test specimens, and 
in the fact that further treatment and test may result in the acceptance 
yh i the forging, is believed to be due to the decrease in the amount of 
these impurities from the end of the forging in getting closer to the 
that finish line. 
best In locating test specimens, all prongs or extensions should be 
Ire avoided and gone well back of, as these projections invariably present 
an yreater radiating surfaces, with a probability of being in a better condi- 
ar ion of structure than the mass of the forging. There is in forgings of 
the this nature a marked skin effect in treatment, and it is therefore speci- 
dom ted that test bars shall be laid out so that their axis is a definite dis- 
tance in from the surface which would prevent any effect on the physical 
ae properties. This effect has been noted to a marked extent in cases where 
way it was endeavored to show that the structure was uniform throughout 
got. the mass by making metallographic examination at various points on the 
seri surface of the forging, and comparing the structure with the structure 
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found in the threads of test specimens. Little or no ferrite will 
found in the grain boundaries close to the surface, whereas at a sh tO 
distance inside the regular structure will be found. That the forgings S 
believed to be uniform when finished is due to the considerable mach th 
ing after heat treatment. I 

The specifications for gun forgings require that as a_prelimin: hy 
treatment, forgings shall be annealed from a temperature above | | \ 
upper critical, or Ac, point, after forging and before quenching. ‘| u 
precautions taken to prevent the rapid heating, and the length of ti 
during which the forging is held at a treatment temperature, must | - 
satisfactory to the inspector. Preliminary annealing may be conduct * 
before rough machining. Every operation of heat treatment shall, b 
desired by him, be witnessed by the inspector, and if unsatisfactory . . 
any way additional treatment may be ordered. The contractor shall ke 8 
records showing for each heat treatment: Ul 

(a) The time at which the forging was put in the furnace, and t! . 
furnace temperature. 

(b) ‘The time occupied in reaching the temperature required in t! . 
operation; the temperature so reached; and the length of time the for; R 
ing is held at that temperature. 

7 (c) ‘The time at which the forging was taken from the furnace n 
annealing or drawing, and its temperature at that time. :' 

(d) ‘The elapsed time of immersion of both muzzle and breech e: S 
in the quenching medium; the quenching medium used, and the ten ' 


perature of quenching medium before and after immersion. 
The contractor is required to provide himself with self-recordin; 


pyrometers for measuring the temperatures actually used in heat treat . : 
ment, and calibration is required. It is believed necessary on long : 
forgings to keep a record of the temperature at various points, and th: | 
couples are placed in direct contact with the forging. Where diffe: | 
ences in temperature are shown, they must be included in the record 
No annealing ever is permitted on any part of a forging, and th 
cooling is required to be uniform in a closed furnace and the forging 
not removed from the furnace until the temperature of the piece is beloy | 
600 degrees Fahr. All long forgings are required to be heated ani | 
quenched in a vertical position, and arrangement must be made to insurt ' 
a flow of quenching medium through the bore. ‘The last operation o1 7 


every forging shall be a draw and should it be necessary to vary th 
temperature between the ends of the furnace, this variation must lh: 
uniform from end to end. Rigid requirements are deemed necessar\ 
regarding straightening of forgings. 

Gun forgings are so designed as to have sufficient strength in the 
gun after assembly by shrinkage to withstand the highest proof pres 
sures without any distortion. After the discard is made, the forgings 
must be so forged and mechanically treated that with a bored or punched 
ingot the walls are reduced at least 50 per cent. Similar requirement- 
are specified for solid forgings, making an equivalent allowance for up 
setting operations. 

It is customary after forging to conduct a preliminary anneal and 
examination, to insure that a normal, uniform structure has been ob 
tained. After rough machining, it should then be sufficient to obtain 
the desired condition by a simple quench and draw. If conditions have 
been such that this”: quench and draw leaves the metal too hard, as 
shown by trial test specimens, another draw would be given at a suff 
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iently high temperature which experience would show to be necessary 
. obtain the desired results. If the forging is found to be too soft, it 
s necessary to quench it again at a higher temperature, or to quench at 
the same temperature and draw at a lower temperature than the previous 
draw, In such cases, all the test specimens taken should be uniformly 
igh or low, or at least uniform as regarding those taken from one end. 
\ here different physical properties are found at each end of the forging, 

e problem is somewhat more difficult and might involve the necessity 
a normalizing the structure before a requench. In all cases, the 
breech end of the ingot is to be the breech end of the forging. The 
structure found in gun forgings generally is sorbitic with the grain 
boundaries plainly marked with uniformly distributed ferrite. In cer- 
tain cases, needles of ferrite are found penetrating the sorbite grains in 
geometric form. This may be a persistence of the ferrite in the struc 
ture caused by the quench, and while this is not considered a desirable 
woe it has not been shown by any test to be unsatisfactory. 

Generally there is a considerable increase in the amount of ferrite 
in the boundaries in going toward the center of the forging, but. this 
is seldom marked enough to cause a difference in the physic: al proper 
ties. While, of course, it would be desirable to develop some form of 
shock or fatigue test for gun forgings, the fect that the guns success 
fully pass the proof test and_ fire successfully at pressures 
greatly exceeding the | service’ pressures, is believed’ to in- 
sure their suitability. Believing that a cold bending test could be 

adopted in addition to the tensile test requirements, experiments were 

conde some time ago and it was found that in nearly all cases ol 
successful forgings, 180 degree bends could be made flat successfully with- 
out fracture, showing that the metal was extremely tough. Successfui 
bends were made about a radius on specimens that exhibited a ghost 
line structure. This ghost line structure has been a matter of great 
interest in gun forgings. ‘The tensile physical test is a static test, and 
static tests, such as the tensile and bend, do not indicate that such 
structure is detrimental. A dynamic test would be a more suitable test 
to show its unsuitability, and it is believed that such tests have been 
made and show conclusively that such a condition is an inferior one. 

Where streaks of ghost lines are found in the forging, they gen- 
erally are surrounded by good metal, and the factor of safety is s . large 
that in the case of most large forgings, they were not believed to be 
detrimental. Where ghost lines are found on the surface, they are ex 
amined metallographically and their extent can be noted by making a 
metallographic examination of the forging at the end where they appear 
simply as dots. Many rejections, however, have resulted from this 
cause, because such flaws are considered evidence of the doubtful value 
of a forging. 

The ghost lines or streaks in large forgings are interesting as they 
depend somewhat upon the method of manufacture of the steel. They 
are of two general classes: First, with fine grain and a ferrite predom- 
ination; and second, with large grain and absence of ferrite. Inclu- 
sions predominate through the streaks, often of a size visible to the eye 
without magnification. These inclusions generally are believed to be 
manganese sulphide and silicate and where segregated have alw ays been 
regarded with suspicion. Later dev elopment tends to the belief that the 
most dangerous element in the steel is the oxide, which appears only as 
specks under high magnification, but which settles in the ferrite bound- 
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EFFICIENCY OF DIFFERENT MIXTURES FOR CYANIDE HAR). 


ENING AND THE ROLE OF NITROGEN IN THE PROCESS 
By Victor E. Hillman 


CCORDING to present day usage, the ‘term cyanide hardening im, 

that the steel is immersed in a bath of molten sodium cyanide, 
lowed to remain therein until sufficient carbon has been absorbed 
effect surface hardness, and then subsequently quenched in either oil «, 
water. The aforementioned thermal and chemical treatment produces 
a skin hardness that will resist abrasive action to a remarkable degre: 

The process has its limitations and its own particular sphere 
usefulness. Notwithstanding, it has found extensive application wher 
depth of case is not a prime requisite. To the lay mind, cyanide hai 
ening implies that potassium cyanide is used. In recent years, howe 
sodium cyanide thas been substituted with marked success, due to tli 
fact that sodium and potassium belong to the same family, and possess 
similar properties in combination with the cyanogen radical. 

Sodium cyanide has a cyanogen content of 51 to 52 per cent, whereas, 
the potassium salt ae approximately 38 per cent cyanogen. Thi 
carburizing action of liquid cements is generally attributed to the pres- 
ence of the cyanogen radical. Therefore, the value of the sodium com 
pound is apparent. 

Sodium cyanide is used in varying degrees of concentration for « 
burizing purposes. Ninety-eight per cent sodium cyanide is very effica 
cious as a fusible carburizing medium and the same is true of a standari 
mixture containing 76 per cent sodium cyanide and the balance sodium 
chloride. Other admixtures have been ‘placed on the market containing 
sodium cyanide, sodium chloride, and sodium carbonate. The chloride 
and carbonate are inert, and do not contribute in any way to the carbur 
izing action of the bath, but their presence increases the melting point 
of the compound, and thereby renders it better adapted for the purpose 
designed. ‘Therefore, this paper will deal with three distinct classes of 
cyanide hardening mixtures, namely: 98 per cent sodium cyanide, 76 per 
cent sodium cyanide, and 27 per cent sodium cyanide. 

The performance of a cyanide compound containing an aoe tes of 
27 per cent sodium cyanide, 16.8 per cent sodium chloride, and 54.5 
cent sodium carbonate was observed under actual working Saliitions | ee 
a period of three years. Certain operating difficulties were in evidence 
from time to time, although they proved to be of little or no consequence 

Just before the compound reaches the desired temperatures, 1475 
degrees Fahr., a black viscid coating forms on the surface of the liquid 
Further heating, however, produces a clear molten bath free from floating 
scum. The black charred mass which arises to the surface of the liqui:! 
is unquestionably an admixture of graphite and sodium carbonate and 
this salt manifests a tendency to separate from the remaining ingredients 
at a low temperature. The blackening of ‘the carbonate is occasioned by) 
the presence of graphitic particles which are liberated from the cast iron 
container. If an attempt is made to operate the bath at 1300 degrees 
Fahr. or thereabouts, a scum will also be in evidence. 

The presence of sodium chloride (common salt) and sodium car- 


A paper presented at the Indianapolis Convention. The author, Victor E. Hillman, is 
metallurgist, Crompton & Knowles Loom Works, Worcester, Mass. 
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al cement 


G ate (washing soda) exert no carburizing action whatever. They are 

F -orporated with sodium cyanide for four reasons: i. : lo cheapen the 

nroduct; 2, to raise the melting point; 3, to act as “fixitives” which pre- 

vent excessive volatilization of the fleeting cyanogen base; and 4, to 

assist in the decomposition of the sodium cy anide thereby rendering the 

N), group more readily available as a carburizing agent. ‘The depth 

penetration incident to the use of the subject mixture was determined 

by keeping the temperature of the bath constant at 1475 degrees Fahr., 

Ices ind varying the length of time ‘that the specimens were allowed to re- 
main in the liquid cement. 

Forty-eight pieces of steel 5/16-inch square and l-inch long were 
immersed in the molten compound and duplicate sets of specimens were 
vithdrawn and quenched in water at 5-minute intervals up to the first 

hour, and every 10 minutes after that. The duration of the entire test 
consumed exactly three hours. Admittedly, the three-hour period is of 
Sess no practical value, although it is instructive to observe the effect of the 
prolonged carburizing treatment. 
eas, | Material of the following analysis was used for determining the 
The depth of penetration: Carbon 0.15; manganese 0.50; sulphur 0.09; and 
res- phosphorus 0.12 per cent. Commercially this steel is known as screw 
om stock. It has low carbon, and high sulphur and phosphorus. The steel 
is used for its free-cutting qualities when smoothness of finish and high 
production are required. The majority of articles which are cyanide 
hardened are made from this grade of steel on the automatic screw ma- 
lard : chines, hence, ‘the reason for its selection for test purposes 
The case is composed of two distinct fields, namely, a martensitic 
outer zone, and an inner troosto-serbite area of lesser carbon content. 
Che depth of case is ascertained by measuring the distance from the 
outer edge of the specimen to the center of the second zone. In passing 
may be of interest to mention that the etched microstructure of the 
case possesses a yellowish tinge in contradistinction to the jet black 
appearance of the zones produced by solid cements. The specimens were 
on polished and subsequently etched in a 5 per cent solution of nital. Meas- 
urements were taken with the aid of an eyepiece micrometer, which was 


€ ol standardized against a scale of known calibration. 

eT . . . . . 

: ; Curve A, Fig. 1, illustrates the depth of case penetration obtained 
: by subjecting low carbon 0.15 per cent steel to the carburizing and nitro- 
ence T ; 

c genizing action of a 27 per cent cyanide mixture. Note that there is a 
nce. 


1475 gradual development of the case during the first hour of immersion. 
4/2 


- Subsequent penetration is retarded, however, in view of the fact that the 
al shell after becoming saturated, prevents the ingress of additional carbon 
os and nitrogen. After the first hour, the curve gradually slopes toward the 
a , horizontal until the completion of the test. 

a Inasmuch as the immersion period for commercial cyanide harden- 
= ing generally is 30 and seldom exceeds 60 minutes, the discussion of the 
l ? curve will be confined to the one-hour period. When steel is cyanided 
- tor 30 minutes in a 27 per cent mixture at a temperature of 1475 degrees 
_ Fahr., the depth of penetration amounts to approximately 0.04 inch; 

c whereas, the width of the case is proportionately Jess when the time 

car- 


lactor is reduced. 
an, is On the other hand, one-hour immersion produces a layer nearly equiv ¢ 
ent to a depth of 0.07 inch. It should be borne in mind that the size of 
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e part which is being treated has a direct bearing upon the time factor 

‘mmersion. Penetration commences from the moment that the steel 
asses its lower critical range. Therefore, due allowance should be made 
r the period which is required to bring the article to the absorption 
‘mperature. The mixture mentioned previously should find extensive 
ise in the production of a superficial case such as is required on articles 
ibject to light wear. Moreover, the compound serves as an excellent 
ating medium. 

The fumes which arise from the 27 per cent mixture are not danger 
us, although they are decidedly obnoxious inasmuch as they irritate the 
nucous membrane in the nasal passages and thereby produce violent 
neezing. The lachrymal glands also appear to be affected, in view of 
the fact that a copious discharge of watery fluid passes from the eyes 

nd nose of workmen who are unnecessarily exposed. ‘The fumes consist 
ae of sodium carbonate, sodium cyanate, alkali chlorides, and a 
mall amount of cyanide. 


If hoods are installed over the cyanide furnaces and connected to 
suitable fans, the fume nuisance is abated. Good ventilation is of prime 
impo also. A prominent medical authority says, “Broadly speak 
ing, constant exposure to any chemical compound is likely to be injurious 
) health particularly if it is likely to give rise to dust, fumes or gas,’ 
aul ... an abundant supply of fresh air is the best method of protecting 
ie health of the worker. 
e The carburizing action of a compound containing 76 per cent sodium 
cyanide and 22.5 per cent sodium chloride was determined by precisely 
the same procedure followed in the previous tests, save for the tempera 
ture of the bath. It is not feasible to operate the 76 per cent mixture at 
a temperature in excess of 1425 degrees Fahr. due to excessive volatiliza- 
tion, of the cyanogen base. 
Curve B, Fig. 1, illustrates the effectiveness of the subject matter. 
\s in curve B there is a gradual development of the case for the first 
hour of immersion, after which the velocity of penetration is somewhat 
retarded. Moreover, the 30 minute and 60-minute specimens yield meas 
urements which are nearly identical with the results obtained from the 
27 per cent mixture. It appears that the higher concentration of the 
cyanogen radical does not in any way contribute toward the efficacy of 
‘arburization. ‘This is occasioned, first, by the necessity of operating thc 
/6 per cent bath at a lower temperature and second, by the fact that the 
cvanogen content of the 27 per mixture is more than ample to satisfy 
the saturation point of the metallic charge. There is no doubt, however, 
but that the 27 per cent compound will have to be replenished oftener. 
lt is a well recognized fact that fusible cyanides become impoverished by 
continual use. 


- 


See 
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Curve C, Fig. 1, is representative of the carburizing action of com- 
mercial sodium cyanide. Inasmuch as the melting point of this mixture 
is 1004 degrees Fahr., it is mandatory to confine the operation of thie 
bath to a temperature of approximately 1375 degrees Fahr. There is no 
particular advantage incident to the use of the more expensive com- 
pound. It may be noted that for the first hour, the curve practically 
per the slopes obtained from the 27 per cent and 76 per cent mix- 
tures As the period of immersion is increased, the velocity of penetra- 

ion is retarded. This may be due in a measure to the increased con- 
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centration of the carbon in the cemented zones which manifest a tende 
to become saturated and thus to prevent the influx of additional carb, 

The size of the pot appears to have a marked influence upon 
longevity. Small containers, 6 inches wide, 20 inches long, and 6 in 
deep and having ™%-inch walls, are serviceable for six to nine mon 
whereas, the larger pots, 13 inches wide, 25 inches long, and 12 in 
deep having 34-inch walls, have an average life of 21 days. If the 
are suitably reinforced and properly supported, their replacement is 
an expensive proposition. Cast iron pots will resist the action of 
molten cyanide for a reasonable length of time, providing they are sound, 
free from blow holes, porosity, and shrinkage flaws. 

The writer holds a firm conviction that the life of a cyanide co 
tainer is a function primarily of molding and casting practice. Vario 
high temperature alloys have been tried and rejected inasmuch as the 
benefits derived were not commensurate with the increased cost. A g1 
iron pot, 13 inches wide, 25 inches long, 12 inches deep, and having 
inch walls, costs approximately $30 as against $346.25 for a container 
cast from a special alloy mixture. In certain instances, the high pric: 
receptacles failed after one week’s service due to faulty casting practice 

The molten cyanide solution is operated intermittently, that is, the 
bath is brought to a temperature of 1375-1475 degrees Fahr. and kept 
at this degree of heat for seven hours, and then it is allowed to cool f{ 
the night. Cast iron will withstand the heating and cooling effect 
the bath to better advantage than the special alloys. 

Alloy containers have a tendency to develop cracks while cast iron 
fails because of excessive bulging. Moreover, cast iron pots suffer more 
from the corrosive action of the cyanide than high temperature alloys 
ln passing, it will shorten the life of any pot. An effort should be made 
to obtain a neutral atmosphere in the combustion chamber of the fu 
nace, for the cutting action of a highly oxidizing flame is well known. 

It is customary to determine the effectiveness of cyanide hardening 
hy resorting to the file test. If the metal has responded to the case 
hardening treatment, the peripheral layer cannot be attacked with a file 
The depth of the carburized surface, however, can be ascertained onl) 
by means of microscopic examination. 

Brinell and scleroscope values do not give a satisfactory index to the 
efficiency of cyanide hardened metals for when a specimen is subjected 
to the Brinell test, circumjacent cracks appear in the vicinity of the de 
pression. The readings obtained are more or less variable, this being due 
probably to the difficulty which is experienced in reading the diameter 
of the indentation. The scleroscope, in a measure, is more reliable than 
the Brinell machine for testing hardened surfaces. The height of the 
hammer rebound yields fairly concordant results, although there is no 
appreciable difference between specimens cyanided 5 minutes and 65 
minutes. 

The mechanism of cyanide hardening has been the subject of con 
siderable controversy. Undoubtedly, the cyanogen radical exerts a nitro 
genizing and carburizing influence on the metal. Nitrogen needles were 
noted in the microstructure of a specimen of low carbon steel that had 
been subjected to the influence of ammonia, for 100 hours at 1400 degree 
Fahr. The presence of similar needles, their length, and orientation was 
duplicated by immersing a low carbon steel in a 27 per cent cyanid 
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Fig. 2—Specimen. treated with ammonia for 100 hours at 1400 degrees Fahr., illustrating power of 
gen to form a layer possessing similar characteristics to case formed in cyanide hardened steel 


Specimen subjected to influence of cyanogen radical for 32 hours at temperature of 1450 degree: 
and cooled slowly. Note sinuous flakes in center A similar pattern is obtained in specimens that 
peen nitrogenized. This irresolvable structure has been designated “‘flavite.”’ Specimen et hed 


X 425. Fig. 4—Micrograph showing the appearance of the case, which is 0.054 inches -deep 


rized 43 minutes in 27 per cent mixture at 1475 degrees Fahr. Specimen etched and X 100 
Specimen showing micro-appearance of iron nitrogenized 100 hours at 1300 degrees Fahr. Note 


‘ needles. Specimen etched and X 100. Fig. 6—Specimen cyanided 32 hours at 1425 degrees Fahr. 


irresolvable pearlite or ‘“‘flavite.’”” The FegN needles are plainly discernible in the ferrite areas 
men etched and X 425. Fig. 7—Specimen cyanided 32 hour at 1450 degrees Fahr Note 
lvable pearlite or ‘“‘flavite.”’ Specimen etched and X 425 
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bath for 32 hours at a temperature of 1450 degrees Fahr. Hence | 
process of elimination, it is reasonable to infer that cyanide hard 
articles are nitrogenized. 

A specimen that was treated with ammonia is shown in Fig 
Broken ringlets may be noted, these being part of the case that 
formed. Nascent nitrogen possesses the property of forming a | 
which is hard and brittle. The cyanogen radical also produces a 
that is hard, brittle, and interspersed with nitride needles. Nitroge: 
the only element that is common to both treatments, hence, the nati 
inference that the influence of nitrogen contributes toward the format 





} 
ot the case, and the physical properties imparted. | 
Table I i 
Operating Data for Cyanide Hardening Tests . | 
MELTING POINT TABLE s 
Melting tempera: 
Degrees Fah: 
I ee ee og oe vo 6 weenie s bale 1472 p 
ED oa 8 s-0's 4. v0 a 0 a's e «2 we cleo aah. Rae 1004 
Ce a. tn edb deen nceebiaect onekal 1562 
CRITICAL TEMPERATURES OF STEEL USED | 
Degrees Fahr. 
RR er ee ae te. ee eee eee 1283 
RRR ER A ee MeoLE RS. + Sener iver eee. 1409 ; 
RE ie I es eS 1562 q 
COST OF MIXTURES : im 
27 per cent mixture ................ $0.20 per pound : 
76 per cent mixture ............. i 0.25 per pound e ira 
ee eee er 0.30 per pound 





A number of the cyanide hardened specimens were treated ind 
vidually with hot hydrochloric acid. The solvent action of the acid v 
allowed to continue until the case was dissolved and the solution wa: 
then made alkaline by the addition of sodium hydroxide and subjected 1 mi 
to distillation. The distillate when tested with Nessler’s reagent yielded 5 ) 
« voluminous. brown precipitate (OHg, INH,I), thus the presence of 
large amount of nitrogen in the case was Rane, established. ‘Th: i eu 
nitrogen evidently exists in the case as a nitride (Fe,N) which is co: 
verted to ammonium chloride by the action of the acid, and retained 
such until the (NH,) radical is expelled through the agency of distill 
tion. 

Steel specimens in the natural state, that is, not cyanided, were su) 
jected to ‘this analytical procedure and whep the distillate was treat 
with Nessler’s Reagent, only a faint yellow color was discernible. N 
precipitate whatever was in evidence. 

The micro-appearance of the unhardened case possesses certai 
peculiarities. Under low magnification the field resembles pearlite, bu 
differing from that microconstituent in that the dark areas are devoi( 
of laminations when viewed through high power lenses. The same con 
dition is true after the specimens are normalized. 

As a matter of convenience this irresolvable micro-constituent ha 
been designated by J. Kirner as “flavite.” It is a sinuous mass rich 
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melting point scarcely above that 


have been in use for a short time, | 
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gen, responsive to various etching 
sent in articles that are Various Investigators 
e analyzed the case formed in cyanide hardening and found that 
carbon content varies from 0.30 to 0.60 per cent. \ specimen js 
wn in Fig, 3. 


reagents, carbon bea ing, 


and 
cyanide hardened. 


In Table I are shown some of 
the series of experiments. After 
clusions regarding cyanide 

l. Cyanide hardening 
inentation. 


the operating data used in 
extensive investigation the 
hardening may 


conduct 
following 
be drawn: 
is poorly adapted for the production of deep 

2. The depth of penetration 
3. The 27 per cent 
r cent and 98 per cent 


increases with the time 
compound parallels the 
mixtures. 


of immersion. 
effectiveness of the 76 


4. It is desirable to 


incorporate fillers with 
se the melting point 


the sodium Cyanide to 
of the mixture. 


5. Cyanogen exerts 


a carburizine 
pha and beta state, thay 


g influence while the 
1S, from 1375 to 1475 degrees | 
an abundance of 

/. Nitrogen possesses the 
known as “flavite.” 


Iron is in the 
‘ahr, 
6. The case contains nitrogen. 


Power of forming a microconstituent 


Discussion of Mr. Hillman’s Paper 
MR. HILLMAN: Prior 


impression that the depth of 
half an hour, Many foremen entertain the idea that maximum pene 
tration is obtained after a half hour immersion and | 
vhich the metal is allowed to remain in 
ufluence whatever. [ find that to be incorrect. 
MR. McCLOUD: ] would like to cal] the 
the fact that it is possible to 
dium chloride that 


to making these tests ] 


was under the 
cyanide hardening 


would not Increase after 


any increase in time 
the carbonizing bath 


Les 
Nas jo 


attention of the speaker 
SO combine the sodium 


carbonate and 
you obtain an eutectic 


mixture which will have 
of sodium Cyanide, if 
iloride and sodium carbonate in the 

nate and 35 per cent chloride. 
‘tectic mixture with a 
ould also like to point 
composition of sodium 
ilman has had 


al 
you used sodium 
Proportions of 65 per 


CENt cai 
l believe that 


IS a close mixture to the 
melting point of about 1100 degrees | 
out, as the speaker has not 
cyanide in the pots. 
occasion to make 


‘ahr. | 
noted it, the rapid 
| don’t know whether Mr. 
any analysis of the baths after they 
ut I know when | first made some 


cterminations of the cyanide and carbonate present in sodium cyanide 


ots, | was much surprised with the speed of the decomposition. 
‘art with 76 per cent cyanide, within a few 
nd inside of about five hours 


I f you 
hours it has dropped off 
you don’t have 10 per cent of sodium 
yanide present in the bath. I think that factor should be considered in 
‘plaining the bending of the curve and the falling off in the penetra- 
n, Undoubtedly, the explanation that Mr. Hillman has made of the 
‘turation is a factor but | believe my explanation has some bearing. 
MR. HILLMAN: Mr. McClouc 
“© case. My experience with the 
accordance with Mr. McCloud’s re 


l’s remarks have a 
decomposition of 
marks, namely, 


direct bearing on 
the bath has been 
that you must renew 
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the bath or your carborizing will become ineffective, if you attemp 
operate the same bath over too long a period. Insofar as a layering 
concerned, | was under the impression that the various compounds, 
chloride, carbonate and cyanide would form three distinct layers 

the bath was heated, but that does not seem to be true, because 
boiling, or ebullition of the bath, seems to incorporate thorough) 


three compounds into one. At what temperature did you operate? 
MR. MeCLOUD: I should have stated that my operation wa 
a somewhat higher temperature, about 1500 degrees Fahr. I also 


tended to bring out the fact that even 1400 and 1475 degrees Fahr. 
rather low temperature for the treatment of a 0.15 per cent carbon st 
and I believe that even in the production of parts for superficial h.: 
ness, these generally being of small size, it is just as well to operat 
a temperature where you get a little benefit from the heat treatmen 
MR. HILLMAN: ‘The only reason I did not operate at a hig 
temperature is that the bath is decomposed readily, in fact, the pure 
cannot be operated at a higher temperature. I operate under practi 
working conditions. ‘These baths have been in eperation for three yea: 
Several tons of work have been turned out. It is strictly a product 
proposition. The only theory I have imparted was contained in the 
part of the paper, on the nitrogen and “flavite,” which was my oniy 
of explaining the results I found, and of course, they are open to critic: 


MR. BROPHY: You believe that carbon is present in “flavite” 
MR. HILLMAN: Yes. 
MR. BROPHY: We have conducted research in the laboratories 


the General Electric Co., using pure ammonia. We obtained the dark 
areas containing no carbon at all—no chance to contaminate the ammon 

MR. HILLMAN: That is a contribution to the paper. If there 
10 carbon there that merely substantiates my other statement that nit 
gen is the cause of your case. Is that true? 

MR. BROPHY: Yes. How much carbon did you find in the cas 

MR. HILLMAN: I did not make an analysis. 

MR. BROPHY: We found 0.30 per cent. That is not sufficient 
account tor it. 

MR. HILLMAN: I stated in my paper that the carbon varied from 
0.30 to 0.60 per cent. 


MR. BROPHY: We never found it as high as 0.60 per cent. 


— 
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PROGRESSIVE 
repeated stress, is of great interest to designers and users of high speed 
structural 
es, but it seems probable that, with the exception of reversed stress mem 
in busy bridges and viaducts, structural pdrts 
failure. 
lhe general problem set for the first stage of the joint investigation was 
find out by a series of long time reversed stress tests of various kinds of 
cel together with careful static tests of the same steels, what relation ex 
between the static elastic strength of steel and its ability to 
reversals of 


hinery. 


iwue 


llions oO} 


ts commonly used on steel to see whether any of these tests give indications 
the ability of steel to withstand oft-repeated stress. 

It was decided to continue the scope of this preliminary investigation to 
rrous materials, and to choose a series of materials which should be distrib- 
varieties of 


“| widely 
the 


gives 


ce of the field of ferrous metals than has been attempted in any previous 
repeated Stress tests. 


TICS of 


Reversed stress tests were the principal series of tests and were supple 
nted by tests in tension, compression, and torsion. Brinell and scleroscope 
rdness tests, impact bending and impact tension tests, repeated tests and 
agnetic tests for homogeneity. 


is chosen 
shown 1n 


hat described by F. 
Society 


for 


Hine 


l‘or the static tests a 100,000 pound Riehle testing machine was used, for 
he impact tests a Charpy machine, and for the repeated impact tests a ma- 
ine constructed at the laboratory was employed. 
is used for strain measurements in the tension and compression tests 
detrusion indicator employing an Ames dial was used in the torsion tests. 

In the rotating beam specimen it was found necessary to reduce the 
ameter of the specimen at the middle of its length in order that it should 
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From a progress report of the Joint Investigation of the Fatigue of Metals. 
tract of Bulletin No. 124 issued Dec. 1 by the Engineering Experiment Station, University 

f Illinois, Urbana, Ill. The Joint Investigation of the Fatigue of Metals is conducted under 
he auspices of the National Research Council, the Engineering Foundation, the General 
ctric Co., and the Engineering Experiment Station of the University of Illinois. 
iuthors, H. F. Moore is research professor of engineering materials, University of Ilinois and 
in charge of the investigation and J. B. Kommers is research associate professor of engineering 
aterials, University of Illinois, and engineer of tests of the investigation. 

1 tables used in this article are loaned to Transactions through the courtesy of The Iron 


rade Review. 
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FATIGUE OF METALS UNDER REPEATED STRESS 
By H. F. Moore and J. B. Kommers 


steel] 


A secondary 


that 


‘ence mt 
was decided to give as many of the steels as possible at least two different 
it treatments. used are given in 
«lieved that this series of materials comprises a more complete reconnois- 


The rotating beam type of testing machine 
reversed 
The machine produces a uniform bending moment on 
the specimen between the bearings C and J). This type of machine has been 
ised by many investigators, and the present machine was patterned after 
M. Farmer before the 1919 meeting of the American 
Materials. 


bending on an Upton-Lewis machine and in torsion on a Olsen-Foster ma 


reversed 


and 


has 







































other metals under oft 


been discussed at various 


are in little danger of 


withstand 
problem was to try various 


‘Table 
tested. 


are in 
wunbers 


COMMNON 
for the 


Wot 
steels 
‘Table 


ll. It 1s 


stress tests. This machine 


stress tests made in 


were 


A Ewing extensometer 
and 


It is an 


Of the 


The illustrations 


TRANSACTIONS OF 
AMERICAN SOCIETY FOR STEEL TREATING 











} > 


FIG 





eS 





t break a 


ting 


2--SKETCH OF 


there. 


AMERICAN 


SOCIETY 








ROTATING 





TRANSACTIONS 
FOR 








OF 
STEE] 





rPREATING 





BEAM 
FATIGUE 


SP E( 


98S radius 


IMEN USED IN 


DETERMINING 


hig, 2 shows the rotating beam specimen, which was 


t the places where the load was hung due to the localized stresses 


used 


the tests. To prevent variation in fatigue results due to the condition of 
e surface on the specimen, all fatigue specimens were finished in a stand 


| 


th. 


| in the length of the billet. 


ac ypted 


| manner, the final polish being prepared with No. O and No. OO emery 
A system of numbering for specimens wa: 
pecimen could be identified with respect to its position in the cross-section 


that each 


(he tension, compression, and torsion tests were made by starting with 
initial load and taking a reading of load and deformation, then applying 


increment of deformation and taking another set 
as then reduced to the initial value and readings 
the load was increased until the extensometer showed the 
le previous 


bove ti 


7 
sed. 


reading 


Table I 


until 


the 
rom these data it was possible to determine the proportional elastic 
nit and also the elastic limit based upon permanent set. 

In making the rotating beam tests a stress which would cause failure in 
short time was applied to the first 
the stress was reduced until a stress was reached which the specimen could 


specimen, 


yield 


oft 
of 


point 


In 


Chemical Analysis of Steels Tested 


Steel 


NO 
l 


10 


50 


Furnished by 
Illinois Steel Co. 
John A. Roebling’s 

Sons Co. 

John A. Roebling’s 
Sons Co. 

Halcomb Steel Co. 

Carnegie Steel Co. 
through Standard 
Steel Co. 

Midvale Steel & 
Ordnance Co. 
through General 
Electric Co. 

American Rolling 
Mill Co. 

Inland Steel Co. 

J. T. Ryerson & 
Son (Cold-drawn 
screw stack) 

University of Illi- 
nois stock (Hot- 
rolled reinforcing 


rod) 





Material 
furnished in 
1 x 2-inch flats 
Billets, 4 inches 
square 
Billets, 4 inches 
square 
1 x 2-inch flats 


% x 2-inch flats 
1 inch squares 
1 inch rounds 


18 inch squares 


fs inch rounds 


4 inch rounds 


Cc 


ar- 


bon 


] 


0. 


20 


52 


0.37 


0.2 


0, 


0 


41 


02 
49 


20 


.18 


Chrom- 


0.87 


0 


18 


Content, 
Sili 
con nese 
0.19 0.25 


per cent 


Nickel 
0.24 0.56 
i 0.16 0.58 
a,a0 U.45 O37 
0.03 0.38 
3.41 0.35 0.75 
0.02 0.03 


0.12 0.46 


0.03 0.67 


0.06 0.37 


Manga- 


the 


Phos 
phorus 


readings. 
again taken, after which 


material] 


SUCCESSIVE 


0.021 


0.037 


0 


0 


) 


co 


) 


) 


032 
019 


017 


.020 


005 


.017 


.025 


.013 


The load 


standard increment 
7, and the load again reduced to its initial value. 
is procedure was continued 


Was 


specimens 





a 
Sul 
phur 
0.021 
0.029 
0.035 
0.025 


0.045 
0.020 
0.042 


0.029 


0.090 


0.039 
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withtand for 100,000,000 cycles without failures. Wherever possible th: 
iong time tests without failure were run on from three to five specimens { 


( 

each of the steels investigated. t] 
Tables III, 1V and V give the principal results obtained from the va: eacl 

ous steels investigated. Figs. 3 and 4 show characteristic diagrams of t 

results for reversed stress tests. In these diagrams, which are plotted 

logarithmic co-ordinates, values of unit stress S are plotted as ordinates ai i 

values of number of cycles of stress for rupture N are plotted as absciss: 

and the diagrams are called S-N diagrams. A plotted point marked with e 





Table II 


Heat Treatment of Steels Tested 


PIP Se 


Steel Structure Heat Treatment 
No. 1. 1.20 carbon Normalized Heat to 1460 degrees Fahr.; hold 15 minutes; cool 
in furnace (this anneals the steel so that it can be 
machined) ; then heat to 1580 degrees Fahr.; hold 
15 minutes; cool in furnace with door open. 
Sorbitic First anneal as above; then heat to 1470 degrees 
Fahr.; quench in oil; reheat to 860 degrees 
Fahr.; hold 30 minutes; cool in air. 


No. 3 0.52 carbon Normalized Heat to 1550 degrees Fahr.; hold 15 minutes; cool 
in air. 
Sorbitic First normalize as above; then heat to 1450 degrees 


Fahr.; hold 15 minutes; quench in water; reheat 
to 1200 degrees Fahr.; cool in air. 


No. 4 0.37 carbon Normalized Heat to 1495 degrees Fahr.; hold 15 minutes; cool 
in furnace with door apen. 

Sorbitic, Treat- This steel was not first normalized. Heat to 1550 

ments A and B degrees Fahr.; hold 15 minutes; quench in water; 


reheat to 1050 degrees Fahr.; cool in air. 

No. 5 chrome-nickel Treatment A_ Steel received annealed. Heat to 1525 degrees Fahr. ; 
quench in oil; reheat to 700 degrees Fahr.; 
quench in oil. 

Treatment B_ Steel received annealed. Heat to 1525 degrees Fahr. ; 
hold for % hour, quench in oil. Reheat to 1450 
degrees Fahr.; quench in oil. Reheat to 1200 
degrees Fahr.; hold for 1 hour; cool in furnace. 
Treatment C_ Steel received annealed. Heat to 1525 degrees Fahr. ; 
hold for % hour, quench in oil. Reheat to 1450 
degrees Fahr.; quench in oil. Reheat to 1200 
degrees Fahr.; hold for 1 hour; quench in water. 


Ne. 6 0.93 carbon Normalized Heat to 1600 degrees Fahr.; hold 15 minutes; cool 
in air. 
Pedrlitic First normalize as above; then heat to 1450 degrees 
Fahr.; hold 15 minutes; cool in furnace. 
Sorbitic First normalize as above; then heat to 1450 degrees 
Fahr; hold 15 minutes; quench in oil; reheat to 
1200 degrees Fahr.; hold 30 minutes; cool in air. ‘ 
Troostitic First normalize as above; then heat to 1450 degrees 


Fahr; hold 15 minutes; quench in oil; reheat to 
850 degrees Fahr.; hold 30 minutes; cool in air. 

No. 7. nickel Treatment B Normalize by heating to 1525 degrees Fahr. and 
cooling in furnace; then heat to 1525 degrees 
Fahr.; quench in oil; reheat to 1210 degrees 
Fahr.; hold 2 hours; cool in furnace. 


No. 9 0.02 carbon Ferrite Tested as received. 
No. 10 0.49 carbon Normalized Heat to 1700 degrees Fahr.; hold 20 minutes; cool 
in air. 
Sorbitic First normalize as above; then heat to 1427 degrees 


Fahr.; quench in water; reheat to 1200 degrees 
Fahr.; cool in furnace. 


No. 50 Cold-drawn As received 
Annealed Heated to 1300 degrees Fahr.; hold for 15 minutes; 
cool in furnace. 
Annealed Heated to 1550 degrees Fahr.; hold for 15 minutes; 
cool in furnace. 
No. 51 Hot-rolled As received 


Cold stretched Reduced to diameter of 0.44-inch; then heated to 
500 degrees Fahr.; cool in furnace. 
Cold stretched Reduced to diameter of 0.48-inch; then heated to 
500 degrees Fahr.; cool in furnace. 
Cold bent Bent to an angle of 45 degrees at the middle, 
straightened cold. 
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each steel the test results were plotted as an S-N diagram. 
The S-N diagram given in Figs. 3 and 4 indicate that up to some value 
N the results of the reversed stress tests may be well répresented by a 
loping straight line, and that at this critical point on the S-N diagram there 












, 


in all. For 


PFREATING 


each 


a decided break, and for higher values of N a_ horizontal 
ems to represent the relation between S 





Table III 


and N, up to 


Results of Tension Tests 


ow indicates that the specimen was not broken at the end of the test. 
together 963 reversed stress tests were made; 10 different steels were tested, 


treatment 


straight 


a value of N 


A Endurance 
E f Tension —~ limit 
¥ Proportional Per Rotating 
elastic Yield cent beam 
limit, point, Ultimate, of machine, 
E Pounds Pounds Pounds Percent reduc- Pounds 
4 per per per tion per 
square square square clonga of square 
Steel inch inch inch tion area inch 
0.02 carbon—As received............. 16,100 19,000 42,400 48.3 76.2 26,000 
Hot rolled—As received.............. 38,200 40,300 61,500 41.0 66.7 28,000 
Hot rolled—Reduced to 0.48-inch..... 60,000 63,300 67,600 22.3 63.3 35,000 
Hot rolled—Reduced to 0.44-inch..... 69,600 None 73,400 14.2 59.5 41,000 
Hot rolled—Bent cold and straightened ..... ws eee eee ee a. coos aee 
Cold drawn—As received ..........+. 55,200 None 86,800 .8 49.3 41,000 
Cold drawn—Annealed at 1300 degrees 
MN, dei ana halen et aw woe 4 Oke a Oa en 26,700 29,500 56,600 3. 65.5 29,000 
Cold drawn—Annealed at 1550 degrees 
| AR Rs eee eee eee 28,000 30,000 57,700 40.8 63.2 25,000 
0.37 carbon normalized..............+- 34,500 34,900 71,900 29.4 53.5 33,000 
t 0.37 carbon sorbitic—Treatment A..... 80,600 87,300 102,600 23.3 65.1 57,000 
0.37 carbon sorbitic—Treatment B..... 61,500 63,100 94,200 25.0 63.0 45,000 
O.68 GOR WOGNUND cc cccccccccaceces 67,700 69,700 96,900 23.5 57.8 48,000 
0.52 CarbOn NOTMANSER 26.0 cccccccece 45,400 47,600 98,000 4 41.7 42,000 
©. 52: GRR ND Sco cite ce desecens 80,300 84,300 111,400 9 56.6 55,000 
0.95. GHeO Es ov oe 6 cc cecnceeces 28,000 33,400 84,100 .8 37.2 30,500 
0.95 chee WIGNEE, 9 ha de ies ESS sau e 60,300 67,600 115,000 .0 39.6 56,000 
0.95 CaPBOtt SERBS cic cee crccecves 97,200 None 188,300 9 29.3 98,000 
1.20 CarDON MOFMABHSER... . ..ccccccccce 58,600 60,700 116,900 9 11.6 50,000 
}.20 COPWOU ONUNEES bcc vccccccccenes 120,400 130,100 179,900 .O 15.2 92,000 
34% nickel—Treatment B ............ 82,400 91,100 111,800 6 60.2 63,000 
Chrome-nickel—Treatment A ......... 115,500 128,100 138,700 8.2 61.8 68,000 
Chrome-nickel—Treatment B ......... 101,700 103,700 113,300 24.2 68.7 65,000 
Chrome-nickel—Treatment C ........ 86,200 100,500 114,200 23.2 69.3 67,000 
Table IV 
Results of Compression and Torsion Tests 
-— Compression 4 
Proportional Proportional -———-Torsion ; 
a elastic Yield elastic Yield 
J limit, point, Ultimate limit, point, 
: Pounds Pounds Pounds Pounds Pounds 
; per per per per per Modulus 
square square square square square of 
Steel inch inch inch inch inch elasticity 
0.02 carbon—As received........ 19,200 20,600 31,200 12,500 13,600 11,770,000 
0.37 carbon normalized ......... 36,300 38,100 59,200 20,300 22,500 11,790,000 
0.37 carbon sorbitic—Treatment A 75,800 84,500 102,800 51,600 60,200 11,960,000 
0.49 carbon sorbitic ............ 55,900 60,100 76,500 36,800 None 12,150,000 
0.52 carbon normalized ......... 47,800 51,000 78,700 30,000 34,600 11,720,000 
O.SS GOREN WEMNIG ooo Sec cc cee 84,400 87,400 97,800 52,200 None 12,115,000 
i 0.93 CREDGM PERTHUIC ...cccc ccs 23,500 29,700 69,200 15,600 22,500 11,880,008 
0.93 carbon sorbitic .i...cccccee 64,800 72,700 97,100 42,000 None 12,130,000 
0.93 carbon troostitic.........+.. 106,500 Nt tr as 75,200 None 11,960,000 
1.20 carbon normalized ......... 55,300 57,900 96,500 36,500 39,700 11,700,000 
1.20 CASROM SOTDITIS 2... cc ccccces 102,700 111,500 149,200 80,600 None’ 11,940,000 
3% nickel—Treatment B........ 86,400 94,000 95,100 55,500 None 11,890,000 
Chrome-nickel—Treatment A..... 122,600 130,100 133,000 72,400 84,900 11,510,000 
Chrome-nickel—Treatment B..... 97,800 100,000 100,300 62,500 None 11,980,000 
Chrome-nickel—Treatment C..... 91,500 97,400 99,900 62,300 None 12,020,000 
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100,000,000 cycles of stress, with no indication of a further break in the 
diagram. ‘This critical point was a characteristic of the S-N diagrams for al 
steels tested. So far as can be seen from test results, for a value of § 
lower than the critical value corresponding to this break in the S-N diagram, 
the material would withstand an indefinite number of reversals of stress. 

It is, of course, possible that the relation between S and N is of such a 
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FIG. 3—TWO CHARACTERISTIC CURVES PLOTTED FROM RESULTS OF 
REVERSED STRESS TESTS. LOGARITHMIC SCALES HAVE 
BEEN USED FOR CONVENIENCE 






nature that for some value of N beyond 100,000,000 the S-N diagram again 
slopes downward, or that for values of N greater than 100,000,000 the 
S-N diagram is a line with a very slight downward slope rather than an ab- 
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solute horizontal line. However, in view of the fairly sharp break shown 
in the diagram, and of the range and number of tests made, it is believed 
that the unit stress S corresponding to the horizontal part of an S-N diagram 
for steel may be regarded as a limit below which an indefinite number of 
reversals of stress will not cause failure. To this limiting stress the name 
endurance limit has been given. It should be noted that for all the steels 
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FIG. 4—TWO MORE CHARACTERISTIC CURVES PLOTTED FROM 
RESULTS OF REVERSED STRESS TESTS. LOGARITHMIC 
SCALES HAVE BEEN USED FOR CONVENIENCE 


tested the endurance limit was developed at a value of N less than 10,000,000. 
It is believed that the series of reversed stress tests made in this investigation 
furnish a clearer demonstration of the existence and magnitude of an en- 
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tbject. 


irance limit than has been furnished by any previous tests made on this 


Fig. 5 has been drawn to show the relation between the endurance limit, 


e proportional elastic limit, and the tensile ultimate strength. 


The endurance 


limit as determined by the temperature test is also shown and is discussed 


1 
¢ 


iter. 


used as a criterion of fatigue strength. 


better criterion than the proportional elastic limit. 
veneral, the proportional elastic limit and the ultimate strength both increased 


~ 


as the endurance limit increases. 
It should be noted that the determination of the elastic limit and the 
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FIG. 5—CURVES SHOWING 


RELATION 
PORTIONAL ELASTIC 


BETWEEN ENDURANCE 
LIMIT, ri 
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AND TENSILE ULT 


MATE STRENGTH 


PRO.- 


of material. A minute defect, such as a nick on the surface, an incipient 
crack in the structure, or a localized stress resulting from heat treatment, 
will not in general affect the determination of the elastic limit to an appreciable 
extent. On the other hand, such a localized effect may readily act as a nucleus 
for structural damage which spreads under repeated stress in the form of 
minute cracks, with continued localized stress present at the roots of these 
cracks, and finally causes failure. 

By reference to Table III it is seen that in none of the steels did the 
endurance limit under completely reversed stress fall below 36 per cent of 
the ultimate tensile strength; in only one metal did the endurance limit fall 
below 40 per cent of the ultimate tensile strength, while for several metals 
the endurance limit was more than 50 per cent of the ultimate tensile strength. 
In this connection it should be noted that the steels tested were to a high 
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Table VI 
Endurance Limit Tests Are Compared 
Endurance limit, Endurance limit 
pounds per pounds per 
-—square inch—, square inch— 
Rotating Rise of Rotating Rise of 
beam tempera- beam tempera 
No. Steel test ture test No. Steel test ture test 
1 1.20 carbon normalized. 50,000 43,000 10 0.49 carbon sorbitic.... 48,000 48,000 
ee eer ee . 92,000 88,000 50 Cold drawn—As received 41,000 41,500 
3 0.52 carbon normalized. 42,000 41,500 Annealed at 1300 de- 
NN SORES Oe ee 55,000 53,000 grees Biel. ..«.+ fs«cvix 29,000 27,500 
4 0.37 carbon normalized. 33,000 31,000 51 Hot rolled, 0.18 carbon 
Sorbitic—Treatment B. 45,000 49,000 —As received ....... 28,000 27,000 
5 Chrome-nickel—Treat- Reduced to 0.48-inch... 35,000 38,500 
5 5 <n 03%s ... 68,000 66,000 Reduced to 0.44-inch... 41,000 40,500 
NE ad oe 65,000 65,000 9 0.02 carbon, tested on 
OE es ha a 67,000 70,000 Olsen-Foster reversed 
6 0.93 carbon pearlitic... 30,500 28,500 torsion machine .... 12,500 13,000 
SEN. 5-osne « acca a 56,000 53,000 Tested on Upton-Lewis 
RVOUOEIEI. «0 6c cae can 98,000 90,000 reversed bending ma- 
7 3.5 nickel—Treatment B 63,000 62,500 Ge. oa dive 4 eo Bal e's 23,000 27,000 


0.02 carbon—As received 26,000 26,000 





degree free from-inclusions and other internal defects, that the specimens 
had no abrupt changes of outline, and that they had a good surface finish. 
Fig. 6 shows the relation between the endurance limits and Brinell har< 
ness, Charpy impact bending, Charpy impact tension, and repeated impa 
results. It is evident that the impact results cannot be used as a criterio: 
of fatigue strength. The Brinell hardness number, however, shows a con 
sistent relation to the endurance limit. It is not clear why this should be the 
case, and the writers offer no explanation other than that of an empirical 
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FIG. 6—CURVES SHOWING RELATION BETWEEN ENDURANCE LIMIT, BRINELL 
HARDNESS, IMPACT BENDING, IMPACT TENSION AND REPEATED 
, IMPACT RESULTS 
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ition. The rise of temperature test described in the next paragraph, is a 
it time test for endurance strength which gives more accurate results 
in does the Brinell test, and which seems to have a rather more logical basis. 
It was found that the endurance limit for the steels tested could be 
dicted with a good degree of accuracy by the measurement of rise of tem- 
rature under reversed stress applied for a period of a few minutes or less. 
This action is explicable in view of the intercrystalline and intracrystalline 
slippage under repeated stress, which is shown by the miscroscope. 
The apparatus used in making the temperature test is shown in Fig. 7. 
he machine part was designed to test the regular 13-inch, rotating beam 
specimen, Fig 2 2, and to produce the same type of stress as that produced 
the rotating beam machine used for the main series of tests described in 










FIG. 7—TEMPERATURE TEST APPARATUS WHICH HAS BEEN DEVISED FOR 
PREDICTING ENDURANCE LIMITS OF SPECIMENS 























this article. As shown in Fig. 7, the specimen S is held horizontally in 
\-shaped grips, A. The load is applied on a ball bearing, B, at the end of 
the specimen, the bearing being heat insulated from the specimen by a fiber 
collar 1/16-inch thick. The machine is also heat insulated from the base at 
points E and F, to prevent heat traveling from the bearings through the base 
to the specimen. The load on the specimen is measured by reading the de- 
flection of the dial C, a load-deflection curve for the specimen having been 
previously obtained by recording a set of loads and corresponding deflection 
readings. The load can be varied by an adjusting screw D, in the head of the 
machine. A thermocouple cannot be attached readily to a rotating specimen, 
and it will be noted that the machine is so designed that the specimen does 
not turn, but that the head of the machine rotates. The left-hand end of the 
specimen is thus moved in a circle concentric with its axis, the radius of the 
ircle being the deflection corresponding to the desired stress. 

Differential copper-constantan thermocouples were used to measure the 
rise of temperature. One couple was attached at the section of greatest stress 
, and was held directly against the specimen by means of tape. The other 
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FIG. 8—TYPICAL CURVES SHOWING INCREASE IN TEMPERATURE » WITH 
INCREASED STRESS 


couple was at L, a section of zero stress, and was separated from the speci- 
men by a single layer of thin paper. The couples were connected in series 
and the free wires lead to a galvanometer. When the couples were at the same 
temperature no deflection of the galvanometer was shown but when the tem- 
perature became different a corresponding deflection occurred. 

The temperature test finally adopted as a standard consists in running 
the machine at a speed of 1000 revolutions per minute’ for 30 seconds, using 
a known stress and recording the maximum deflection of the galvanometer. 
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n with a series of such readings, corresponding to a series stresses, a 
e is plotted to show the increase in temperature with increase of stress. 
point at which the curve shows a sharp break corresponds to the endur- 
limit. Typical curves are shown in Fig. 8. In the cases of sorbitic 
ictures in plain carbon steel and in that of alloy steels it was found nec- 
ry to increase the time of the run at each 


stress, from 30 seconds to 2 
utes, since these materials are 


slower in heating under stress. 

A reference to Table VI and Fig. 5 shows a very good degree of coin- 
ence between the values of endurance limit determined by the temperature 

and those values determined by long time rotating beam tests. The 
perature test was suggested and to some extent used by C. E. Stromeyer, 
not have the opportunity, 
long time tests to establish 
lurance limit under 


Manchester, England, as long ago as 1913. He did 


wever, of carrying out a sufficient number of 
ihoroughly the temperature limit as identical with the en 

repeated stress. 
lt should be stated that the credit o 


f developing the temperature test in 
nnection with the present Investigation should be given to J. W. Harsch. a 
ember of the test party of the present investigation, and to Prof. W. J. 
‘utnam ot the department of theoretical 
versity of Illinois... 

Previous investigators have shown that the shape o 
exert a great influence on the endurance strength of the material. Square 
shoulders and sharp notches are known to reduce the endurance limit as 
uuch as 50 per cent. A study of this matter was first made in this investi- 
gation on a 0.49 per cent carbon sorbitic steel. It was found that specimens 
vhich had their diameter reduced by a radius of 1 inch were almost as strong 
as those in which a radius of 9.85 inch was used. A 1/4-inch radius reduced 
the strength about & per cent, square shoulders reduced the strength about 
S| per cent, and a V-notch reduced the strength about 60 per cent. Square 
shoulders and a 1/4-inch radius showed about the same effect on a soft 0.02 
er cent carbon steel as they did with the harder steel first mentioned. 

[t has been known that the condition of the surface of 4 specimen may 
exert a marked influence on the fatigue strength of steel. A study of this 
matter was first made on a 0.49 Per cent sorbitic steel carbon. One series of 
specimens was finished carefully in order to remove all scratches and was 
nally given a high rouge polish. It was found that these 
only slightly stronger than those finished with the standard finish. Specimens 
with a ground finish were slightly weaker than those with the rouge finish, 
mooth turned still weaker. and rough turned weaker even than the smooth 
turned. The rough turned specimens were about 18 per cent lower in en- 
durance limit than those finished with the rouge polish.. Similar results on 


the smooth turned and rough turned specimens were found with a soft 
0.02 per cent carbon steel. 

To determine whether stressing a specimen above its normal endurance 
limit would have a serious effect on the endurance limit under subsequent 
stresses, a number of different combinations of overstresses and cycles of 
‘upture were tried on a 0.49 per cent sorbitic steel carbon. For instance, one 

ries of specimens was given 5000 cycles of stress at a unit stress 10 per 
cent higher than its normal endurance limit. These specimens were then tested 
in the usual way to determine whether the Overstressing had changed the en- 
durance limit. It was found that 10 per cent and 20 per cent of the overstress 
‘pplied 5000 times, 29 per cent of overstress applied 1000 times, and -38 
rer cent of overstress applied 100 times did not 


and applied mechanics of the Uni- 


f the specimen may 


specimens were 


reduce the endurance limit 
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It is evident 






cent of overstress applied 1000 ti 
reduced the endurance limit about 4 per cent, and 29 per cent of overstress - 


plied 5000 times reduced the endurance limit 11 per cent. the: 


fore that a material may be able to withstand a considerable amount of 0\ 
stress if the overstress is applied only a comparatively small number of tim 


Tests on 


a 


hard, 


high 


carbon 


steel 


gave 


similar results to those 


al 4 


mentioned, the percentage of reduction being somewhat higher than for 


coft steel. 


It is a well known fact that the effect of subjecting steel to a tens 
stress beyond the yield point is to raise the static elastic strength to a mark 
Gegree, as is illustrated by the strength of cold-drawn and cold-rolled ste: 
It was found in the 
such cold work was less marked on the 


elastic strength, though some increase of endurance limit was observed aft 


cold working. Annealing of commercial cold-drawn screw 


to reduce its endurance limit. 
3 and 4 illustrate the effect of heat treatment on the enduran 


Figs. 
limit. In 


the soft 


condition 


of 


the 


case of a 0.18 per cent carbon steel that the effect 


endurance limit than on the stat 


pearlitic 


structure 


of the 


( 


stock was fou: 


) 


per cent carbon steel the material has an endurance limit of 30,000 poun 


per square inch. 


This can be increased by 84 per cent if the steel is 


a sorbitic structure by heat treatment, and by 221 per cent when it is 
a troostitic 
elastic strength and the ultimate tensile strength raises the endurance Lim 
also, but the increase in static strength is not a reliable indicator of the amou 
of increase in endurance limit. 


In those 


rifice of ductility. 
reversed torsion indicate that the 


portional elastic limit in tension. 
the result 


structure. 


indicates 


In general, 


cases in which the 


a heat treatment which 


raises the 


Cr 
21 


o 
£1 


Stk 


Ve 
Vel 


11 


same stee! was tested in a hard and a soft 
condition the results show that giving the material a sorbitic structure by 
heat treatment may greatly increase the endurance limit without much 


Sac 


The results thus far obtained on eight different steels in 


ratio of the endurance limit in torsion to 
the endurance limit in bending is about 0.52. 

With one soft steel it was found that the computed stress at the en 
durance limit in bending was actually about 33 per cent higher than the pro 
This material was almost pure ferrite od 
structure is a valuable factor 


that homogeneity 


of 


giving a high resistance against fatigue 
nealing also tends to produce a condition which will give a high ratio of 


endurance limit to proportional elastic limit. 


in 


Results indicate that thorough an 


It should be noted that it is quit 


possible for a steel to have a high ratio of endurance limit to proportional limit, 
when both values of endurance and proportional limit are low. Only one 


nickel and one chrome-nickel steel were investigated. 


The results indicate 


that the alloy steels have somewhat higher endurance limits for the same 
ductility, as compared with plain carbon steels. 
One theory of the nature of the fatigue of metals is the crystallization 


theory. 


Often materials which have failed under repeated stress show a 


crystalline fracture, and this theory supposed that under the action of re- 
peated stresses the internal structure of a metal changed from fibrous to crys- 


talline, and that different metals varied in their resistance to this change. 


The use of the microscope in examining the structure of metals has 


discredited this theory. 


All metals are seen to be of a crystalline structure 


under all service conditions, and no evidence of appreciable change of struc- 
ture can be observed in a metal subjected to repeated stress. There does 


appear to be a breaking down of crystals as indicated by the formation of 
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ute cracks or slip bands extending across the crystal. The crystallization 
ry of failure under repeated stress practically has been abandoned today. 

A second theory of failure of metals under repeated stress was that ad- 
nced by the distinguished German investigator, Bauschinger. His theory 
ds that under stress varying from zero to a maxtmum, it is possible for 
tals to acquire new elastic limits which may be anywhere between the 
cinal proportional elastic limit and the yield point, and may in some cases 
en exceed the yield point. These new elastic limits, or natural elastic 
‘its, as Bauschinger called them, depend upon the number of cycles of stress 
which the material is subjected, being higher for the greater number of 
les. For stresses within the natural elastic limit the metal is assumed 
possess indefinite endurance. Bauschinger’s theory does not imply a 
inge in the crystalline structure of the material, but does imply some change 
° the inherent nature of the material. 

A third theory has been suggested by various investigators and was 
rmulated by the writers, who later found that it had been elaborated by 
ilchrist. This theory may be stated briefly as follows: Fracture in fatigue 
caused by the statical breaking limit being exceeded at one point only, 
om which, when once started, rupture spreads. The raising of the stress 

P the point where fracture commences is due to an irregularity of the bar, 
4 which may be an irregularity or discontinuity in the metal, either on the 
urface or in the body of the bar. 

This theory may be called the theory of nonhomogeneity or of localized 
tress. The effect of external nonhomogeneity due to scratches, tool marks, 
quare shoulders, and notches is well known. Internal nonhomogeneity 
ay be due to blow holes, pipes, inclusion of slag, irregularities of crystalline 
Vy tructure on account of the presence of two or more constituents of varying 
: trength, variation in orientation of crystals, or it may be due to the 
in presence of initial stresses caused by mechanical working or by heat treatment. 
his localized stress produces no appreciable effect under a single load, owing 
. the minute area over which it exists, but under load rey eated many times, 
n there is started from this area a microscopic crack at the root of which high 
0 localized stress exists and which, under repetitions of stress, spreads, finally 
1 : ‘ausing failure. 
in The writers do not look upon these fatigue failures as being due neces- 


1 sarily to accidental flaws or irregularities. In practice they may often be due 
sf to such causes, but the uniformity of the resuiis in the present tests 
te : points to the conclusion that the endurance limit is a property of the material 
it, just as much as the ultimate strength is. If in these tests the failure is due 
ne tc flaws, then it is believed that these flaws are an inherent part of the struc- 
te ture of the particular steel which is being tested.. 
ne The following subjects are suggested for further investigation: The 
effect of repetition of stress not reversed; tests on other ferrous metals not 
vn . vered in this investigation, especially varicus alloy steels; tests on nonferrous 
a metals; detailed study of effect of heat treatment; tests in direct tension- 
-e- | ‘ompression; more complete study of reversed torsion; study of the mechan- 
rs 2 ism of fatigue failure as revealed by the microscope; effect of repeated under- 


Ff rea strength of cast metal under repeated stress and repair by heat 
reatment of structural damage due to repeated stress. 














































TRANSACTIONS OF 
320 AMERICAN SOCIETY FOR STEEL TREATING Janu 


RECLAIMING HIGH CARBON GEARS 
By R. L. Dowdell 


OR several years a tractor company has been practically ser apping a la 

number of splined jack-shaft gears. In Fig. 1 is shown one of these 
at about half size.- Failure in service occurred in two ways. (1), By 
stripping of the gear teeth; and (2), by the shearing of the spline at 
base of the gear as indicated by the arrow in Fig. 1. With ordinary ha; 
ening and drawing operations these gears were made so brittle that th 
would fracture when tapped with a hammer, thus naturally all servi 
tests on them failed. Specifications on the gears called for approximat: 
1.5 per cent chromium and 0.20 per cent carbon. They were to be ca 
burized in a cyanide bath for a depth of 1/16 inch. In the heat treated 
finished state the scleroscope hardness should fall between 85 and 95. 

Microscopic examination of sections taken at right angles to the mai 

axis through some of the gears which had failed, showed that they had 
great depth of hardening. In fact a large number of them were foun 





Fig. 1—One of the splined jack-shaft gears. About one-half actual size. Fig. 2—Cross section ot 
gear tooth drawn at 200 degrees Cent. for 1 hour. X 2. Fig. 3—Cross section of spline drawn at 20)! 
degrees Cent. for 1 hour. X 2. Both Figs. 2 and 3 show a martensite case with troostite at a depth 
about 1 millimeter. See Figs. 7 and 8. 


to be martensitic even in the centers of the largest sections. The grain siz 
indicated that these gears had not been overheated thus the depth of harden- 
ing must have been due to some other influence. Several of these gears 
were normalized in order to change them into the pearlitic condition and ob 
served on the microscope. This examination showed that they had been 
carburized completely to the center and instead of being 0.20 per cent carbon 
were found to be 0.75 per cent carbon. In Figs. 4 and 5 are shown the 
microstructure at the extreme edge and at the center respectively of on 
of these normalized gears. 

As the decarburization of the gears by thermal means was impracticable, 
it was believed that these gears could be reclaimed by a heat treatment 
which would give them a tough core with a hard case by varying the in- 
ternal structures without altering the carbon content. With this idea in mind 





A paper presented by title at the Indianapolis Convention. The author, R. L. Dowdell, 
is instructor in metallography, University of Minnesota, St. Paul, Minn. 
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Fig. 4—Laminated pearlitic microstructure at extreme edge of normalized gear. Etched in picric 
id. X 800. Fig: 5—Dark area shows laminated pearlite and light area shows ferrite at center of 
malized gear. Etched in picric acid. X 800. Fig. 6—Granular pearlitic structure of annealed gear. 
tched in picric acid. X 800. Fig. 7—Martensitic structure in case of gear drawn at 200 degrees Cent 

1 hour. Etched in picric acid. X 800. Fig. 8—Light area shows martensite and dark area shows 
ostite at depth of 1 millimeter in gear drawn at 200 degrees Cent. for 1 hour. Etched with picric 

1. X 800. 








































er ae 


es 





eee 


ta spate - id 


~ ape tae 








[RANSACTIONS OF 
322 AMERICAN SOCIETY FOR STEEL TREATING 


Janu 


a treatment was devised and was found to be successful in making th 
gears serviceable. The method employed is outlined in this article. 


The gears were charged into a cold furnace, brought up to.a tempx 
ture of 770 degrees Cent. (1418 degrees Fahr.) and held for one ho 
They were then cooled as slowly as possible through the critical range 
order to form a granular pearlite throughout the gear. Fig. 6 shows 
structure of these annealed gears. This granular pearlitic structure was 
sired in the core for two reasons: (1), Because of the high impact toug 
ness of granular pearlite as compared with other microstructures in a hi 
carbon steel; (2), when granular pearlite is once formed it goes into sol 
tion more slowly than other microstructures, lengthening the time requir 
in the lead pot and tending to make the results more uniform. After t! 
annealing operation the scleroscope hardness averaged 46 with a Brin 
hardness of 212. 

Packing for differential hardening was accomplished as follows: (A 
Asbestos cord was laced between the gear teeth and tied around abriuj 
changes in section to avoid notch difficulties; and (B). Instead of usi: 
asbestos cord, a clay mixture was found to be satisfactory for keepi 


some of the areas soft. The mixture consisted of: Per cent 

IS i. i den nd uaudbies> «00 rhiceestee tea kere 66 

eee ees Sea ee) |... ane Vaan acnnaye 20 

Ny VM hints Noho Se ie er ie es pt elas 7 

Fibrous hardening compound .................6... 7 

100 
The above was mixed with water so that it was just thin enough to sti 
to the steel surface to be kept soft. After the parts were clayed the, 


could be dried at practically any rate of heating between temperature 
of 100 and 200 degrees Cent. until it-had set about as hard as concrete. 

For hardening, the gears were heated in a lead pot containing practicall\ 
100 cubic inches of lead. Owing to the difference in the thickness of the 
section at the gear and spline ends of the piece, it was found that if only 
the gear end was submerged in the lead for 5 minutes and then the whol 
piece lowered for 4 minutes more, with a finishing temperature of 770 
degrees Cent.; the depth of hardening was practically 1/16 inch deep. These 
pieces were quenched in a medium heavy quenching oil. After quenching 
the clay was broken off and the pieces drawn. 

The gears were drawn at 200 degrees Cent. for one hour. Fig. 2 shows 
a section through a gear tooth and Fig. 3 a section through the spline at a 
magnification of two diameters. The case is of martensite at the outside 
while about one millimeter further in troostite appears as is shown by Figs 
7 and 8 respectively. The core in this differential hardening operation re 
mained unchanged as it was not allowed to go above the Ac _ transforma- 
tion. The scleroscope hardness of the case after these operations averaged 90 

This type of heat treatment can be used successfully in reclaiming ma 
terials of similar nature which have undergone expensive machining oper 
ations thus making them too valuable to scrap. If large lead pots are used, 
the temperature of the bath can be kept constant, therefore the time of 
immersion of the section is the main variable in the heat treatment. An air 
bath type of furnace would probably be unsatisfactory for this type of 
treatment. Uniform sections can be treated more easily than sections with 
variable dimensions. Most of the work in this investigation was performed 
by a group of engineering students of whom A. R. Kleinschmidt deserves 
the most honorable mention. 
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OCCURRENCE OF OXIDES AND NITRIDES IN BOILER TUBE 
STEEL 


By A. E. White and J. S. Vanick 


TT'HE influence of the solid compounds of oxygen and nitrogen, such as 
the oxides and nitrides, upon the properties of metals has of late been 
eiving some well deserved attention. Most of the work has been concen- 

ated upon the nitrogenization of steel by ammonia and the study of com- 
unds occurring in fusion welds. Recent progress in the study of am- 
nia nitrogenized iron and electric arc welds’ has indicated the presence of 
mpounds of nitrogen in these materials. In addition the occurrence ot 
<ides in fusion welds has demanded attention. Perhaps an equally im- 
tant field which is occasionally touched upon, involves the study of 
origin and mode of occurrence of the solid compounds of gases in 
metals and the relation of these compounds to the structure and physical 
roperties. 

In the usual inspection, analysis and test of steel, the presence of 
nitrides and oxides may be overlooked entirely. In the hot working or cold 
vorking of the metal into its final shapes, the presence of these gases ot 
their compounds may produce hot shortness or cold shortness, although this 
effect is frequently attributed to other causes. The fracture test, by re- 
vealing a decided brittleness, or the tensile test by indicating a lack of duc- 
tility, may issue a warning of the presence of dissolved gases or their 
solid compounds. 

An example of the influence of nitrogen and oxygen upon steel which 
was recently brought to the attention of one of the authors, announced itself 
by the brittleness of several specimens of boiler tubing. An investigation of 
the properties and structure of the tubing was made with the purpose in 
view of locating the relation between the two. 

A microscopic examination? of several specimens showed that the metal 
had, at some stage in the course of manufacture, been over-gxidized,’ or, more 
correctly, allowed to absorb and retain an excess of nitrogen and axygen. 
Since a sprinkling of nitrides and oxides was visible in the structure the 
corresponding gases must have been present in the metal in a quantity far 
in excess of that usually present in ordinary steel. The presence of an 
excess of gas in the metal may be due to one of two causes: 

(a) The absorption and retention of gas by the liquid metal in the re- 
lining process, or 

(b) The absorption of gas by the solid metal in some of the heating 
operations subsequent to refining. 

Of these two sources of gas contamination, the former, in this case, 
ippeared more probable. <A polished but unetched surface of one of the 


1. A resume of the literature on the effect of nitrogen in steels has been prepared by Comstock and 
Ruder, Chemical & Metallurgical Engineering. Vol. 22, No. 9, 1920, page 399. The same subject is included 

an excellent bibliography compiled by Rawdon, Groesbeck and Jordan, Bureau of Standards, Technical 
Paper No. 179. 

2. Acknowledgment is due the Bureau of Standards, Washington, for the use of the equipment of the 
etallurgy division for this work. 


3. Steel, which has been held too long in the oxidation stage or steel poorly deoxidized frequently is 
oken of as oxidized or over-oxidized steel. In the case of over blown bessemer steel, for instance, the 
issible presence of large amounts of nitrogen would make the designation incorrect. 





A paper — by title at the Indianapolis Convention. A. E. White is director 
department of engineering research, University of Michigan, Ann Arbor, Mich., and J. S. 
Vanick is metallurgist Fixed Nitrogen Research Laboratories, Washington. 
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specimens revealed a precipitation of small globules, sprinkled about 
matrix apparently free from other markings. Under high magnifications, 
globules strongly resembled oxides and subsequent etching proved then 


be oxides. 


A surface representing a cross section 


showed 


them 


to 


be Tal 


uniformly distributed throughout the matrix, although a slight tendency 


form in concentric layers was noticeable. 


A longitudinal section, howe 


revealed them in the form of segmented strings or chains. The paral! 
in establis! 


string distribution in the longitudinal section is significant 


the origin of the oxides. 
dissolved in the molten metal and liberated upon 


rolling and working had moved the particles into parallel rows. 


distribution of the oxides in the cross-sections wa 
the precipitation of 
It is evident that such oxidation that may have 


oxide from the surface toward the interior of the sections. 


cooling. 


Apparently, oxygen or the oxide of iron has by 


The subsequi 


The unifor 


s further characteristix 


occurred 


insoluble compounds from a cooled metallic soluti 


' in the heati 
operations subsequent to casting would show a graduation in the quantity 


Etching definitely established the position of the oxides with respect 


the grain structure and revealed the presence of 


nitrides. 


The 


Sstructut 


are recorded in Figs. 1 and 2 the difference between the two micrograp| 


having been produced by a change in focus. 


The deeper color which 


nitrides assume and their apparent projection above the reflecting surfa 
renders them visible above the plane of the image, whereas the oxide inclusio: 
have been found to be more intensely revealed by focusing them below 


plane of the image. 
Fig. 1, 


mechanical 


illustrating the position of the oxides, shows them to be irreg 
larly distributed and quite independent of the grain structure. The effect 0! 


working upon these inclusions in marshalling them into seg 


mented cords or chains that agree in direction with the long dimension 
elongated slag particles is evident from the micrograph. 
he nitrogen compounds which occur in the structure require a close; 


observation for their detection. 


A close inspection of the surface disclose 


the thin, needle-like crystals which, except for their straightness, strong!) 
The plates appear to Ix 
rather uniformly distributed throughout the body of the tube thus lendin 
support to the supposition that nitrogen has been dissolved in the molte: 
metal, rather than absorbed, in some of the heating operations subsequent! 


resemble the short graphite flakes of cast iron. 


to casting. 


The type of plate occurring in the specimens examined is shorter thai 
that usually found in fusion welds or ammonia-nitrogenized iron and _ the 


number of plates that appear is much smaller. 
solution in iron. 


Nitrogen may be retained i: 
It appears that in the present case the feebler precipitatior 


of the nitrides is an indication of the smaller quantity of available compound 


forming gas in the metal. 


A corresponding effect, however, may be induced 


by the temperature conditions prevailing during the final heating and cooling 
For example, Ruder* and others, have shown that an absorption and diffusion 
of the nitride plates, similar to the absorption and diffusion of carbon in 


steel, takes place upon heating to 650 degrees Cent. Quenching from 650 


degrees Cent. and above, prevents the precipitation of the nitride plates. 


Slow cooling usually permits their formation. 








However, 


the 


necessary for controlling the precipitation of nitrogen compounds and _ th« 


4. Ruder, The Effect of Nitrogen in Steel, Chemical & Metallurgical Engineering, 


page 399, 


conditions 
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ysical effects attending the several types of structure have not yet been 
oughly established. 

An interesting feature of the structure which is partly illustrated in 
gy, 2 and 7, is the failure of the nitride plates to adopt a directional trend 


corresponding to the direction of working. For example, the prevailing 
slope of the plates shown in the center of Fig. 2, is north-west. This slope 


inclined at an angle of approximately 45 degrees to the direction of 
working as marked by the oxide links. Since the tubes were hot worked, the 
nitrides were evidently in solution and their position in the equi-axed crys 
tals that form upon cooling would be expected to be devoid of directional 
characteristics. It is possible that the intercleavage slip in the hot-worked 
crystals followed an angle of approximately 45 degrees to the direction of 
working. The opinion might then be ventured that the plates tend to form 
along directions corresponding to the cleavage angle, or in other words, 
that the plates exert an effort to collect along those cleavage planes that 
have been subjected to slip. This suggestion implies the ability of the indi 
vidual crystals to expel their burden of dissolved nitride, much after the 
fashion of the expulsion of cementite in high carbon steels or the inter 
cleavage expulsion of ferrite in nickel steels. The persistence of lines of 
flow in the hot-worked crystals in spite of an almost instantaneous recrys- 
tallization from the working temperature, through the precipitation tempera- 
ire must be assumed. 

The directional characteristics described above are not consistently 
maintained throughout the specimens, hence additional evidence of this 
effect is necessary before the explanation may be accepted. It has been 
shown that the curved plates formed in the metallic globule inclusions of 
fusion welds, retain their curved form even after heating to 1000 degrees 
Cent.” This temperature is far above the solution temperature of the nitride 
plates in the ferrite matrix hence it appears that the cast from which the 
nitride is absorbed in heating retains its unity until the nitride is again 
precipitated upon cooling, 

Figs. 3 and 4 illustrate the appearance of the nitride patches which are 
frequently mistaken for the eutectoid pearlite of ordinary carbon. steels. 
lo those familiar with the structure of nitrogenized iron, the identification 
of this constituent offers little difficulty. A weak etching reagent preferably 
is used and the structure gradually developed by repeated etchings. Nitric or 
picric acids are suitable for the purpose and boiling sodium picrate or the 
heat tinting methods adopted by Strauss,° may be used to advantage. The 
important points of resemblance between pearlite and the nitride patch are: 

(a) The irregularity in surface contour. 

(b) The darkening upon etching. 

(c) The common preferences, then present in small quantities to col- 
lect at the grain boundaries. 

Nitride patches usually lack the laminations characteristic of the 
iron-carbon eutectoid, pearlite. Instead their surface is roughened by 
irregular eddies or swirls. Comstock’ has reported patches composed of 
fine needles. Frequently, nitride patches are marked by dark, smooth sur- 
faces outlined by straight sides boundaries, which give the patch a definite 
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geometrical torm quite in contrast to the rounded outline of ordinary pear] 

In the specimens of boiler tube which were examined, the patc 
usually consisted of twisted chords which had been entangled into a ¢ 
fused mass. The shapes strongly resembled the irregular forms adoy) 
when a film of water on a glass plate shrinks into pools as surface tens; 
acts to reduce the surface area of the film. Indeed a similar effect occy 
in the nitrogen bearing steels; the presence of the gas or its compou 
prevents the formation of cementite lamellae and promotes the format 





Fig. 1—-Micrograph showing oxides in boiler tube steel. X 100. Fig. 2—Micrograph showiny 
nitrides in the steel. X 100. In Figs. 1 and 2, the position of the oxides and nitrides with respect to 
the structure is intensified by a change in focus. The true image is distorted slightly. Fig. 3—A nitride 
patcl: X 500. Fig. 4—Another nitride patch X 500. Specimens shown in Figs. 1-4 were etched with 
a 2 per cent solution of nitric acid in alcohol. 


of the tangled, coagulated chords. Thus the normal positions of the pearlite 
areas within the matrix is not appreciably altered but their internal struc- 
ture is completely changed. The change within the nitride patches has been 
compared to the divorce of cementite in ordinary carbon steels. The con- 
ditions which encourage the change within the two types of steel are widely 
different. For example, the nitrogenized steels* are able to develop the di- 


8. Note: A specific amount of carbon and nitrogen probably is necessary. 
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ced type of structure with high heating and comparatively rapid cooling, 
ereas the usual cementite divorce requires a long sojourn at lower tem- 

atures and a much slower rate of cooling. In addition, the ductility of 
carbon steels is usually improved by the cementite divorce.® Nitrogen-bear- 
ing steels which contain the divorced compound are inherently brittle. 


The rapid coagulation of the compound within the nitride patches is indi- 


ive of the mobility of this constituent. ‘lhis effect is partly demonstrated 
by the rounding of the edges of the nitride patches: The rounding of the 


edges and the graduation in color intensity from the edge to the interior of 
the nitride patch imposes the apparent relief effect and produces the brilliant 
edges that assist in distinguishing the nitrogen contaminated pearlitic patch 
from the carbon eutectoid pearlite. 

The forms of nitride patch which occur in steel obviously may vary 
through any of the types described above: In specimens such as the boiler 
tube steel, several types occur within the same specimen. The composition, 
heat treatment and possibly, gas pressure exert an important influence upon 


the final structure. 


An example of the peculiar forms of nitride compounds that may occur 


in a nitrogen-bearing steel is illustrated in Fig. 5. <A precipitation of fine 
prismatic crystals has been deposited in a criss-cross manner, thus giving 
the deposit a trellis-shaped structure. ‘The prismatic crystals possess more 


body than some of the individual nitride plates which may be traced in the 
micrograph, thus suggesting that the crystals represent the divorced or 


coalesced type of nitride. The crystals probably consist of an iron-carbon- 
nitrogen compound which is replacing what would normally have been a 
pearlitic area of the low carbon steel. The well developed form of the 


individual crystals would indicate that the compound possessed a_ prismatic 
crystal habit that is able to find expression because of the mobility of the 
compound. The prismatic crystal habit is also characteristic of cementite 
hence this observation does not assist in distinguishing the nitrogen compound 
from cementite. However, in low carbon steels which have been subjected to 
a divorce anneal, the coalesced cementite invariably is found to adopt a 
globular form. 

In an effort to determine the part played by the oxides and _ nitrides 
upon the course of rupture, a_ fractured — which contained tributary 
cracks, was polished and examined. Figs. 6, 7 and 8 illustrate the path of 
rupture adopted by several of these pints cracks near the fracture sur- 
face. In Figs. 6 and 7, the fissures maintain their direction quite indepen- 
dently of the course of the oxide layers which traverse the surface at an 
angle of approximately 60 degrees to the fissures. Fig. 8 illustrates the 
appearance of the terminus of a larger crack in the metal. The prevailing 
direction of the crack has not been altered but its continuity has been re- 
peatedly interrupted. The continuity of the rupture has been broken at 
the grain boundaries. 


This course of rupture is quite in agreement with the characteristic paths 
of rupture followed in a steel that is free of such inclusions or compounds 
as the oxides or nitrides. Within certain grains a sharp change in the 
direction of the path of rupture has been enforced. The failure of the 
path to cleave the crystals in a straight line may be attributed to the specific 

ternal structure of the individual crystals. The sharp changes in the 
irse apparently are due to the obstructions raised by crystals, which by 





9. Howe, The Metallography of Steel and Cast Iron, page 394. 
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virtue of an orientation that is unfavorable to the line of rupture, posses: 
greater resistance in that direction. For example, Fig. 8, shows the cou n ght 
of the crack sharply changed in crystal a. The directional change evidently 
caused by the unfavorable orientation of the cleavage planes in the crys 
with respect to the prevailing path of rupture. 


In describing the type of fracture that is frequently found in fusi 
welds, Miller has attributed its intercrystalline course to the presence 
oxides at the grain boundaries. It would be reasonable to expect from 
results of Miller's observations, that the impurity content of the weld w: 
sufficiently great to invite intercrystalline rupture. The oxide and _nitri< 
inclusions in the boiler tube specimens, do not appear to be present 
sufficient quantity nor located in sufficiently strategic positions to divert t! 
path of rupture. The preference of the path of rupture for the crysty 
centers suggested that the inherent brittleness of the crystals themsely 
invited this course. The cleavage brittleness of the crystals is reflected 
the comparatively straight fractures within each individual. Were the cry 
tals possessed of the ductility of ordinary ferrite, the stresses set up in the 
rupture of the metal would strive to adjust themselves by the flow of th 
ductile crystals. However, no evidence of distortion or deformation is 
visible near the fracture. The brittleness of the individual crystals, appears 
to be responsible for the ultimate brittleness of the metal. The cleavag 
brittleness of the individual crystals suggests the presence of gases in solu 
tion. 


Nitrogen and oxygen and their compounds may be introduced into 
steel in the melting or in subsequent heating operations. Manufacturing 
conditions may be concentrated into two physico-chemical problems. which 
consist of a study of the temperature-concentration relations between the gas 
on one hand and the liquid and solid metal on the other. 


In both cases, the metal can absorb or dissolve a definite amount oi 
gas and upon cooling, retain a certain portion of the gas within itself either 
in solution or in the form of compounds. Practical examples of the gas- 
liquid’ metal problem are found in the refining of steel or in the manu- 
facture of fusion welds.~ Examples of the gas-solid metal problem are 
evident in the nitrogenization of steel by ammonia, or furnace gases, and 
the oxidation of steel, or scaling. Unfortunately the problems are further 
complicated owing to the gases being most active when present in compound 
form such as air, ammonia or steam. Comparatively high temperatures 





usually are necessary before the reactions become rapid although the de- «- 
composition of air and the oxidation of steel become perceptible at 150 “a 
degrees Cent. at which temperature a polished surface is tinged with the oy 
pale yellow temper color. It is evident that iron or steel are capable of 
cracking air into its two principal components, oxygen and nitrogen. The unit 
scaling of steel surfaces upon heating is a common form of oxidation. A rous 
similar action occurs when ammonia is cracked by iron or steel into its tact 
components, nitrogen and hydrogen. the 
The large volume of nitrogen, or its compounds contained in waste and 
gases resulting from the combustion of oil, gas or coal is known to pene- 
trate the surface of metal exposed to it. A typical case of such contamina- the 
tion has recently been described by Blue*®. Apparently high temperatures limi 
are necessary for this penetration. Below 650 degrees Cent. the influence of pro’ 
oxygen and nitrogen is, limited to surface contamination. Above 650 degrees ven 


10. Jron Age, Vol. 108, No. 1, page 1, July, 1921. ITOF 
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Cent. a solution and diffusion of nitrogen occurs and a _ similar 
night be expected of oxygen. 

Above the melting point of iron the quantity of gas soluble in the 
jiguid metal reaches large proportions. When it is borne in mind that 


behavior 


a 


T 


Fig. 5—A nitride patch in boiler tube steel, showing prysmatic type of nitrides. X 1000. Figs. 6-2 
—Specimens illustrating prevailing transcrystalime course of rupture through the metal. X 100. Fig. 6 
Unetched surface showing minute fissures in fracture zone. Fig. 7—Surface shown in Fig. 6 after 
etching with a 2 per cent solution of nitric acid in alcohol. Fig. 8—Terminal of a tributary fissure from 
he fracture surface. Etched with a 2 per cent solution of nitric acid in alcohol. 


unit volume of steel containing 0.1 per cent of nitrogen has dissolved 
roughly 6 volumes of the gas, the values become more impressive. The 
iacts stated above, are mentioned for the purpose of calling attention to 
the need of further work upon the physico-chemical relations between metals 
and gases. 


Since the equilibrium relations between oxygen, nitrogen and steel and 
the resulting mechanical properties have not been studied widely, the quantity 
limits within which the gases and their compounds are destructive to the 
properties of the metal, remain in doubt. Small quantities of dissolved nitro-° 
gen are known to produce brittleness in low carbon steel and carbon-free 
iron. Oxygen might be expected to affect the metals — similarly. 
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The quantity of oxygen and nitrogen in the form of oxides 4 
nitrides which may be present in iron and remain microscopically undetect 
has not been thoroughly established. When available in the metallic solu 


in sufficient quantity to form microscopically visible compounds, a notice: | \ 
brittleness of the metal has been attributed to the presence ‘of the ¢ . 
or their compounds. Oxides repeatedly have been associated with | s littl 
reasons explaining the brittleness of steels. The explanations have |) matty 


particularly well grounded when the oxides could be identified as_ int reaso 
crystalline films or inclusions. Oxides which are distributed through | reguly 


. . 8 ; +] 
matrix have not been regarded with the same degree of suspicion unl; a 
they were present in excessive quantities. 

The effect of nitrides upon the brittleness of steels is similarly interpri eale 


ed in spite of the fact that the course of rupture has not expressed a t : 
dency to follow the positions of the nitrogen compounds in the metal a 
is known that nitrogen in solution, and therefore invisible, is capable 7 
rendering the individual crystals brittle. The presence of nitrides a am 
oxides in comparatively large colonies suggests that the metal contains 1! ment 
corresponding gases in solution, in a quantity that exceeds the limits «; we 
solution within which the influence of the gases is not detrimental. Fr a 
the examination of the specimens of boiler tubing described, the nitrides a: aah: 
oxides micrographically illustrated in this paper; and the correspondi: , oa 
gases in solution, particularly nitrogen, are present in sufficient quant mie 
to account for the brittleness of the metal. The particular course of hard 
path of rupture suggests that nitrogen in solution, is the dominating cat = 
of the brittleness. sa 
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CARBONIZATION WITH WOOD CHARCOAL 
By H. Schagrin 





WOULD be safe to say that ordinary wood charcoal alone, when 
sidered in comparison with wood charcoal plus so-called energizers, 
ttle used at the present time. Charcoal has been used and discarded by 
y hardening and carbonizing rooms but not always for the same 
son. The experiments given in this article has been performed on a 
ilar commercial scale to determine the carbonizing effect produced 
the use of wood charcoal alone. 

In the industry the action of absorption of carbon by steel when 
ted to the proper temperature for an hour or two in intimate con 
with a carbonaceous material is known as case carbonizing, while 
same process when extended over a considerable length of time, sa) 
eek or more, and where the pieces treated are large with consequent 
rption of much carbon, is known as cementation. The former treat 
ment, or case carbonizing using wood charcoal only, is the one under 
liscussion in this article. 
In general, to overcome the drawbacks encountered through pos 
le brittleness, the practice of case hardening, or producing a high car 
n case on a soft piece of steel is resorted to. ‘There is room for argu- 
nent and there is considerable diversity of optnion as to whether case 
hardening is the only recourse at all times, or whether the entire piece 
of higher carbon and sometimes plus alloys properly heat treated, would 
serve the purpose equally well. 
With proper treatment of a case carbonized piece after removal from 
the furnace, and with the elimination of the rather sharp line of demarca 
n between the high carbon case and low carbon interior, the result 
tained is a piece of steel having the desired hard surface with a back 
f soft, tough and malleable steel. In short, the latter will not stand 
or abrasion, since it is easily deformed, whereas the former is able 
withstand the necessary wear and abrasion. The material used in 
se tests were drop forgings made from acid bessemer steel of com- 
sition approximately: Carbon, 0.15; manganese, 0.70; sulphur, 0.050; 
sphorus, 0.060 per cent. The pieces were cheap and it is to be noted 
the care and time expended in packing did not compare with that 
pieces such as gears, which necessarily must be almost perfect. 
lor reasons given later, and explanation of the carbonizing action as 
lerstood, it was not deemed essential to take any special precautions 
»} mesh of the charcoal, although the material was a powdered mixture 
th pieces up to 30 mesh. Such precaution as observing that the car 
izing material was free from moisture was considered a routine one, 
always should be strictly observed. The procedure followed was to 
ce a layer of charcoal to a depth of one inch on the bottom of the 
rbonizing ‘box, pack in one layer of forgings each about 12 inches long 
as Closely as possible, cover with charcoal and see that there was no 
ckets ‘by using a wooden ram; adding another layer of forgings and re- 
iting until about even with the top. Charcoal was then heaped on top 
the forgings, the cover pressed down, and the opening around the cover 
raised at times an inch from the box, and finally luted with a mixture of 
dinary clay and water. 


I 








_ A paper presented at the Indianapolis Convention. The author, H. Schagrin is chief 
chemist, United States Naval Ordnance Plant, Charleston, W. Va. 
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After the boxes were removed from the furnace, it was often n. 
that as much as one fourth of the charcoal had been burned, indic: 
considerable leakage of air into the box because of the cracking 
clay luting. Such condition can be remedied easily by the use of 
modern appliances, for example, carbonizing ‘boxes with grooved 
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Fig. 1—-Thermocouple arrangement used in the wood charcoal carbonizing process. Three couples 
were used in each furnace, each inserted in the carbonizing box as indicated. 


In spite of production operations just outlined, the forging when al 
lowed to cool in the boxes, then covers removed and the pieces taken 
out, showed a silvery color indicative of very little surface oxidation 
The statement made above that a good portion of the charcoal had been 


consumed by air leakage, does not necessarily mean that the air came 
directly in contact with the pieces to be carbonized. The air, from the 
evidence at hand, must have combined with the charcoal to form the 


oxide gas carbon monoxide which we know is the real factor in carbon 
izing. 
All up-to-date hardening rooms are now equipped with pyrometers 
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vever, there are many that still depend upon the eye for temperature 
jing. In such cases, where failure of parts results, it is of course 
ossible to consistently trace trouble. ‘There has been a great deal 
itten on the proper placing of thermocouples in doing carbonizing 
york, and care as well as common sense must be exercised in maintain 
a uniform temperature in a furnace where there are a number of 
ners. If the fuel be oil fed from a pump, care must be taken to see 
the pulsating action of the pump does not have a direct effect upon 
flame. During these experiments some trouble was caused by water 
the fuel,oil. If the fuel be gas, the proper precaution must be taken 
see that the flow of gas is maintained at a constant pressure. The con 
lition of the burners must also be such that the temperature can be 
regulated easily. The location of the burners are of equal importance. 
The carbonizing boxes were all charged when the furnace was at 
emperature about 300 degrees Fahr. The objects of the tests primarily 
vere to determine the amount of penetration that takes place at 1400 to 
1500 degrees Fahr. and at excessively high temperature, say 2000 degrees 
Fahr. Heat treatments are not discussed. Close control was kept at all 
times on the temperature of the pieces to be carbonized by having the 
fire end of the thermocouple set in the middle of the box. As an optical 
indication to the treater, a bar 4 x 4% inches of the same steel as that 
being carbonized was inserted in the box in such a way that it could be 
withdrawn to note the color. ‘This, however, was for the instruction of 
the furnacemen. 
Other work with various kinds of carbonizing materials containing 
charred leather, powdered bone, charcoal and prussiates in varying pro- 


portions, has proven that absorption of carbon by the steel first takes 


place at about 1400 degrees Fahr., but to produce even a light case at 
this temperature would require a prohibitive length of time. The de 
termining factors in carbonizing, when comparing the treatment of iden 
tical materials and using the same carbonizing compound, are time and 
temperature. Although it is evident that some carbonizing begins at 
1400 degrees Fahr., the time of carbonizing properly should ‘be consid 
ered from the time the work has reached the temperature desired. 
The standard mixture of 60 parts charcoal and 40 parts barium 
irbonate intimately mixed gives good results, but is costly. The re- 
action claimed during carbonizing for this mixture, as forming carbon 
monoxide and cyanide of barium with the nitrogen of the air, seems less 
probable than the reaction by which carbon dioxide is released from the 
carbonate, the carbon dioxide reacting with the charcoal to give carbon 
monoxide. The next cycle will release oxygen as soon as absorption of 
carbon takes place, to form more carbon monoxide. The idea has also 
been advanced that the ash of wood containing alkali carbonates, would 
form alkali cyanides with the nitrogen of the air. This is dowbted, as 
the reaction above for the formation of the barium cyanide for the 
reason that the cyanides formed probably would have more decided effect 
than is actually the case. ° 
To withstand bending stresses, it is not desirable to carbonize to 
re than 1.00 per cent carbon. Satisfactory results were obtained by 
\intaining the work at temperature of 1850 to 1900 degrees Fahr. for 
ne hour. For production work, this allowed two charges per furnace 
ra working day of 10 hours. It was found that charcoal was a cheap 
| satisfactory casing material where a normal penetration of about 
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White lines appearing on these micrographs indicate edges of pieces. Fig. 2—Specimen carlx 
at 1450 degrees Fahr. for 1% hours. Quenched in water from box. X 100. Fig. 3—Specimen carbo 
at 1450 degrees Fahr. for 11% hours and cooled in furnace. X 100, Fig. 4 
1500 degrees Fahr. for 1 hour and quenched in water from box. X 100. 
at 1500 degrees Fahr. for 1 hour and cooled in furnace. X 100. Fig. 6 
cegrees Fahr. for 1 hour and quenched in water ‘from box. X 100. 
Fahr. for 1 hour and cooled in furnace. X 100. 


Specimen carboniz 
Fig. 5—Specimen carbo: 
Specimen carbonized at 
Fig. 7—Specimen at 1750 de; 
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inch for about 1% to 2 hours carbonizing period was desired. For 
ls over a greater length of time than indicated, other compounds 
be present with the charcoal to cause a deeper penetration. 


Discussion of Mr. Schagrin’s Paper 


VR. HILLMAN: 1 would like to ask Mr. Shagrin what kind of 
vood he would use? 

\IR. SCHAGRIN: This is a regular factory operation, and pieces all 
the way from forgings that weigh up to about ten pounds down to pins 
vere carbonized. Therefore, I wouldn’t want to say exactly what kind 
{ charcoal it was. We had to use most everything at the time. 

VR. HILLMAN: | have had some experience with carbonizing with 
wood, and the results were absolutely nil. Carbon heated in a furnace 
doesn’t form dioxide very readily. | was always under the impression, 

| believe that various authors substantiate my opinion, that in order 
vet the active vehicle, that is, carbon monoxide, you must have an 

energizer such as a carbonate. Carbon dioxide, which acts upon the car 
bon, forms carbon monoxide, which acts as the carbonizing agent. If you 
ot carbonization with wood charcoal alone I think it is very probable 
hat the particular type of wood that you used contained potassium salts, 
such as potassium carbonate, and they acted upon the carbon to form 
the carbon monoxide, which gave you the carbonizing action. Your 
paper is very interesting, indeed, and if you could prove by photomicro 

graphs by measuring the depth of carbonization, that you have effected 
carbonizing action by means of wood charcoal alone, and that it can be 
repeated, | think it is a marked advance in science. 

MR. SCHAGRIN: I would like to Say this is a factory operation 
carried On On a tonnage -basis and has ‘been for years, at a certain plant, 
and for that reason, since it was a departure from everv d»* practice, 
| thought the fact would be interesting. We use various kinds of wood, 
lthough some do have more alkali salts in the ash than others, but the 
facts remain, the results are produced. Nothing else is put in but the 
rdinary wood charcoal, so I am taking the results as the proof of the 
pudding. 

MR. HILLMAN: You don’t know one of the types of wood, do you? 

MR. SCHAGRIN: Yes, we had some hickory and quite a lot of pine 
but we used most everything, for the reason that we had to take what 
we could get at the time. I discussed in my paper why I believe the 
reaction that took place was started by whatever little air happened to 
be in the box, starting the reaction of oxygen plus the carbon in the 

dd ash to form carbon monoxide. That I believe would start the 
cycle. 

MR. HILLMAN: What is the nature of your case after quenching? 
ls it martensitic? 

MR. SCHAGRIN: The case was martensitic. 

MR. HILLMAN: Isn’t it a fact that you will obtain an extremely 

irse core in carbonizing at such extremely high temperatures? 

MR. SCHAGRIN: I have found from the results here that it is 
essary to heat higher with wood charcoal to get the proper penetra- 
nm. I had to go up to 1850 to 1900 degrees Fahr. 

MR. HILLMAN: .Don’t you believe that high heating is bringing 
| back to the old cementation process? 


MR. SCHAGRIN: That is the reason it has always been said 
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that heating with wood charcoal causes a coarse case, because it 
essary to he: at it higher. But one point I wish to bring out again 
these were not special pieces and must be case hardened in a cheap 

MR. HILLMAN: You quench in the box, then? 

MR. SCHAGRIN: Yes, from the box. 

MR. HILLMAN: What is the maximum depth of case that 
obtained ? 

MR. SCHAGRIN: I have obtained slightly more than 1/16 jich 

MR. THUM: Could I ask the temperatures you are using in 
bonizing in the process that you have just described? 

MR. SCHAGRIN: Slightly over 1900 degrees Fahr. The furnace 
temperatutes would run tip as high as 1950 degrees Fahr. in the e 
day work, because the men have. so much to watch. 

MR. THUM: I would like to point out that the process of ce: 
tation Was used for a good many years in the cutlery trades with 


charcoal almost exclusively. They like to use charcoal only on. account 
of the fact that they can depend on it. It 1s something that is uniform 
Just as soon as they put burnt leather or other things in, they run int 
trouble. Also, it is well for everyone to be on the lookout in the reading 


~ 


of literature, and especially in interpreting results from commercial car 
burizers at the present time, due to the fact that nitrogen has a great 
influence on the carburizing process. It is difficult to distinguish the 
eutectoid produced by nitrogen and ‘the eutectoid produced by cat 
They both have practically the same results in making a hard and brit 
tle case. Consequently when you run into peculiar results in carb 
ing with leather, for instance, you have a case which is quite hard 
quenching and yet if you analyze the outer edge you will find you have 
only 25 or 30 points of carbon, which is much too small to get the 
specific hardness which is desired. 


CHAIRMAN HARTZELL: I would like to ask the gentleman 
just spoke. In the cutlery business you use charcoal—you spoke 
leather charcoal—have you tried the wood charcoal? 

MR. THUM: Wood charcoal is what I meant to say. 

MR. SCHAGRIN: In one particular case of hardening compound 
that I made an analysis of lately for very deep penetration, I found iro 
oxide—that is an every-day energizer, and I found carbonate of calcium, 
which is supposed to break up completely into carbon dioxide and cal 
cium oxide at a lower temperature than carbonizing temperature. Som 
of those things which we consider impossible are sometimes found to be 
every-day results. We know that energizers are very good, but this 
happens to be a plant example of production work, and | thought the 
idea might be of some use to others. 

MR. HILLMAN: Can you re-use this compound? 

MR. SCHAGRIN: No. 

MR. HILLMAN: You cannot use it more than once? 


MR. SCHAGRIN: Oh, yes, we take it out; it suffers a great « 
of loss, but we do re-use it. The ash is so light that we depend almost 
on the ventilation of the room, the blowers and fans, to take the ash 
away, and shovel the rest of the material into the charcoal bin and 
it over again. : 

MEMBER: I would like to ask Mr. Schagrin what he found wa- 
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White lines appearing on these micrographs indicate edges of pieces. Fig. 8—Specimen carbonized 
0 degrees Fahr. for 1 hour, cooled in furnace, reheated, quenched in water from 1400 degrees Fahr. 
ws surface decarbonization from reheating but the case is clear. X 100. Fig. 9—Specimen carbon- 
at 1900 degrees Fahr. for 1 hour, quenched in water from box, reheated, quenched in water from 
degrees Fahr. and drawn at 800 degrees Fahr. X 100. Fig. 10—Specimen carbonized at 1900 
es Fahr. for 1% hours, cooled in furnace, reheated, quenched in water from 1400 degrees Fahr. and 
at 800 degrees Fahr. X 100. Fig. 11—Specimen carbonized at 1950 degrees Fahr. for 1 hour, 
in furnace, reheated, and quenched in water from 1750 degrees Fahr. It shows surface decarbon: 
from reheating but the case is clear. X 100. Fig. 12—Specimen carbonized at 2000 degrees 
for 1 hour, quenched in water from box, reheated, quenched in water from 1400 degrees Fahr. 
rawn at 800 degrees Fahr. X 100. 
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the carbon content of the hypereutectoid zone, using 1900 degrees 

as the carbonizing temperature? AUTO 
MR. SCHAGRIN: I think the highest carbon content we \ 

the habit of getting was slightly over 1.00 per cent, and we try t 

it a little under 1.00 per cent for the reasons stated. 


_ 


MEMBER: Is the free cementite very pronounced? 


MR. SCHAGRIN: When we went up to 2000 degrees Fahr. ;; . k ‘ 
pronounced, but we had to go up to 2000 to get it pronounced. - 


MR. HILLMAN: Did you ever etch with sodium picrate and 
it was cementite? t ! 
MR. SCHAGRIN: Yes. } 
MR. NELSON: I think I might throw a little light on the 
tion. I just left England in March, and I left there a battery ‘ | 
cementation furnaces, and it was every-day practice to produce th: | <equel 
fashioned blister steel. As 1 am presenting a paper tomorrow I can ect 
you the depth of penetration of various millings from the outside t e 
center of the blister bar produced by the old-fashioned cement 
process with the charcoal. 
MR. HILLMAN: I am strictly in accord with the old cement 
process, but if | speak correctly, it takes seven days, doesnt it? 
MR. NELSON: It takes anywhere from 7 to 21 days. 
MR. HILLMAN: Th%s gentleman says that he can get carbu 
tion in one and one-half hours. How long does it take you to get vou 
steel to the carburization temperature? 
MR. SCHAGRIN: I would like to say that cementation takes 
place, but it must be remembered that this carburizing is done 
higher temperature than ordinarily. Ordinarily carburizing is not don 
at 2000 or 1900 degrees Fahr. Temperature is a very important facto 
in the absorption, regardless of what the carbonizing compound is. 
took us usually between 1 and 1% hours. 
MR. HILLMAN: ‘That is with a cold furnace? In 1% hours 


carburization for 1% hours? 

MR. SCHAGRIN: No, where it took 1% hours the charge wa: 
placed in a hot furnace. A furnace that had recently been discharged, 
and it took 1% hours to bring the contents up. These experiments, 
however, were charged into a furnace at 300 degrees Fahr. 


AE Ftc 
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AUTOMATIC COMPENSATION FOR VARIATIONS IN TEMPER- 
ATURE OF COLD ENDS OF THERMOELECTRIC 
PYROMETERS 


By William H. Bristol 

E < measuring high temperatures, such as are employed in the heat 
reatment of steel, the thermocouple has proved to be the most prac 
and extensively used device. Certain definite laws of nature govern 
peration of the thermocouple. These laws or fundamental principles 
or the most part simple. It is a well known fact that a thermo 
ric couple made of two properly selected alloys will produce an 
ric current, the electromotive force of which depends upon the dif- 
‘e in temperatures between the two ends of the cupola,-and con 
ently any variation of temperature of the cold end will change this 
romotive force. 
Ordinarily tl 


1e hot junction of the couple is placed in the furnace 


FIG. 1—INTERIOR VIEW OF OPERATING ELEMENT OF A PYROMETER 
SHOWING THE INDICATING ARM AND SCALE 


ere it is desired to measure the temperatures and the cold end is placed 
some point where it is exposed to atmospheric temperatures. 
ns of the electromotive force produced by the thermoelectric couple are 
indicated or recorded on the scale of a suitable electrical measuring in- 
trument, calibrated in units of temperature. 


V aria- 


To have the instrument give correct indications of the temperature 
the hot end, it is evident that it will be necessary to either maintain 
onstant temperature at the cold end, or to provide means to com- 
nsate for changes of temperature at the cold end. Various methods 
ve been tried for maintaining the cold end at a constant temperature, 
A paper presented at the Indianapolis Convention. The author, William H. Bristol, is 


sident, The Bristol Co., Waterbury, Conn. In absence of the author the paper was pre- 
ted by H. L. Griggs, general sales manager, The Bristol Co, 
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spheric changes of temperature which may take place from time to time. 
Since the electromotive force upon which the measuring instrument 
ends for its operation is a function of the difference of temperature 
‘rween the hot and cold ends of the thermoelectric couple, it will be 
, readily that errors will be indicated on the measuring instrument if 
cold end temperature varies, and these errors will be equal approx 
tely to the amount of such variations. 

By way of illustration suppose the temperature of the hot end in a 
ace is 1500 degrees Fahr. and the cold end of the couple exposed to 
m temperature is at 75 degrees Fahr. If the room temperature should 
rise from 75 to 125 degrees while there was no change of the tempera- 


ture of the hot end in the furnace, the difference of temperature between 


i—-A COMPLETE COMPENSATING INSTRUMENT ASSEMBLED 
AND READY FOR USE 


the hot and cold end before the rise would have been 1425 degrees Fahr., 
while after the rise in the room temperature, this difference would be 
reduced from 1425 to 1375 degrees Fahr. This latter difference would 
yenerate less electromotive force and consequently there would be a 
reading on the instrument below the true reading corresponding to 50 
degrees, independent of the type of electrical measuring instrument. 
Should the temperature of the room fall, the difference of temper 
ature between the hot and cold ends would be increased and a greater 
electromotive force would be generated, producing a 


reading which 
would be too high. 


Such errors as these are often caused by the neglect 
r oversight of this fundamental principle of the thermoelectric couple. 

By the aid of several illustrations it will be shown that when the 
automatic cold end compensator is used in a pyrometer made by The 
Bristol Co., Waterbury, Conn., the temperature of the cold end may vary 
over a range of 100 degrees Fahr., but the reading on the instrument 
still will be correct. To give a clear idea of the compensating device, the 
iuthor will show how it is made and mechanically applied to the moving 
element of the electrical measuring instrument. 

Fig. 1 is an interior view of the operating element of a pyrometer, 
showing the indicating arm and scale. When the instrument is turned 
around, the automatic compensating device can be seen to consist of a 
bimetallic coil or spiral as shown in Fig. 2. The inner end of this spiral 

fastened rigidly to the frame and the outer end connects to the free 
end of the control spring. It will be evident that any change of temper- 














TRANSACTIONS OF 
342 AMERICAN SOCIETY FOR STEEL TREATING Ja 


ature to which this measuring element is exposed will cause the 

pensating spire al to wind up or unwind in proportion to the temper: 
changes, and thereby mechanically to move the indicating arm 
down the scale in the same proportion, quite independent of any thi 
couple or current flowing through the instrument. 


Operation of the compensating spiral when subjected to temper 
changes, as for instance when heat is applied with a lighted match 
near it is that the indicating arm moves upward on the scale, as s| 
in Fig. 3. When the match is removed, the pointer will return | 
original position on the indicating scale. From this it will be seen thai 
indicating pointer takes a position on the scale corresponding to the 
perature of the bimetallic compensating spiral. 


If we now use a complete pyrometer measuring instrument pro 
with bimetallic compensating spiral, and if the thermocouple used 


FIG. 5—HOT END IMMERSED IN BOTLING WATER AND COLD END 
AND COMPENSATOR BOTH IMMERSED IN WATER 
AT ROOM TEMPERATURE 





measuring temperature is extended so as to reach inside of the instru 
ment, it is evident that any change of room temperature that occurs wil! 
raise or lower the temperature of the whole instrument, including the en 
closed cold end of the thermocouple, and the bimetallic compensating 
spiral. The resultant effect on the complete instrument when in opera 
tion is that the cold end temperature errors will be corrected for. 

To make it convenient to apply different temperatures quickly to 
both compensator and the cold end, which are usually located within the 
instrument, and to make it possible to show the effects of these variou- 
changes, a complete instrument is shown in Fig. 4. Two holes have bee: 
drilled in the bottom of the case of this instrument, and both compensat 
ing spiral and the cold end of the thermocouple have been brought out 
throtigh these holes on the lower side of the case, and located so tha‘ 
temperature of either one can be raised or lowered independently of th: 
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FIG. 6—HOT END IMMERSED IN BOILING WATER AND COLD END 
IMMERSED IN ICE WATER 


ier, and.so that both can be subjected to the same temperature con 
eniently by the use of vessels of water at different temperatures. 


The hot end of the flexible thermoelectric couple is immersed in a 
vlass of boiling water and is maintained at a temperature of 212 degrees 
ahr. on an electrical heater, as is shown by the indicating pointer in 
lig. 4. When the hot end of the couple is removed from the water, the 
indicating pointer immediately indicates the fall in the temperature and 
upon returning the hot end to the water, the reading on the instrument 
immediately will be brought back to its original point on the scale, 212 
degrees Fahr., that of the boiling water. 


During the experiments with the compensating device and the cold 
nd of the thermocouple, the hot end will remain in the boiling water, 
hich will be maintained constantly at 212 degrees Fahr. so that all varia- 
ms and experiments upon the cold end and compensator will be quite 
dependent of any changes at the hot end of the thermocouple, thus 


FIG. 7—HOT END IMMERSED IN BOILING WATER AND COLD END 
AND COMPENSATOR IMMERSED IN ICE WATER 
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FIG. 8-HOT END IMMERSED IN BOILING WATER AND COLD END 
IMMERSED IN WATER AT 130 DEGREES FAHR. 





making it a simple matter to observe readily the operation of the com 
pensating device and effect of temperature changes that are applied 
the cold end of the couple. 


To demonstrate that the temperature of the cold end of the thern 
couple and the compensator are at exactly the same temperature as the 
would be normally when inside of the instrument, they will both be im 
mersed in a glass of water at room temperature, which causes no change 
in the reading on the instrument, as shown in Fig. 5. The temperature 
of the cold end will then be lowered to 32 degrees Fahr. by immersing 
it in a glass of ice water, as shown in Fig. 6, and the indicating arm 
will move up the scale showing an error due to the cooling of the cold 
end to 32 degrees Fahr. 


In Fig. 7, both the cold end and the compensator are immersed in 
the glass of 32 degrees Fahr. ice water and the indicating pointer on the 
instrument will return instantly to its original correct position 212 de 


FIG. 9—-HOT END IMMERSED IN ROILING WATER AND COLD END 
AND COMPENSATOR IMMERSED IN WATER 
AT 130 DEGREES FAHR. 
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es Fahr. on scale, showing that the cold end temperature is eliminated 
en both cold end and compensator are lowered in temperature. 


Having shown that the error caused by lowering the temperature of 
cold end when no compensation is provided and how the error is auto- 
itically compensated for, we will now show the effect of raising the 
uperature of the cold end. In Fig. 8 the cold end is shown immersed 
a glass of water at 130 degrees Fahr. and the indicating pointer moves 
wn the scale, showing the error due to heating the cold end alone to 
() degrees Fahr. In Fig. 9 both the cold end and the compensator are 
mersed in the glass of water at 130 degrees Fahr. and the indicating 
inter will immediately return to its original correct position of 212 
legrees Fahr. on the scale, showing that the cold end temperature error 
eliminated when both the cold end and the compensator are raised in 
perature. 

Thus it will be noted that the effect of the automatic cold end spiral 

to neutralize the errors caused by variations of temperature of the cold 
end of the thermocouple, and that it automatically compensates for at 
mospheric changes in temperature from 32 to 130 degrees Fahr. Both 
the cold end of the thermocouple and the compensator are located within 
the instrument and in practice they are both subjected to the same rise 

fall of the room temperature, and the instrument will therefore show 
the true temperature independent of any atmospheric temperature changes 
vhere the instrument is located. 

This method of automatically compensating avoids the necessity of 
making corrections or employing expensive and complicated devices for 
artificially holding the cold end of the thermocouple at a constant tem 
perature. This compensator can be applied readily to millivoltmeter 
types and all ranges of thermoelectric pyrometers, either indicating, re- 
cording or controlling, to secure accurate results even under difficult con 
litions ordinarily found in industrial plants. Many of these instruments 
have been equipped with this compensator and put into successful service. 
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The Question Box 


A Column Devoted to the Asking, Answering and Discussing of 
Practical Questions in Heat Treatment—Members Submitting 
Answers and Discussions Are Requested to Refer to 
Serial Numbers of Questions. 


REPORTED FROM THE ROCKFORD CHAPTER 


QUESTION NO. 1° Has anyone present at this meeting had 
experience demonstrating the beneficial influence of heat treating in 
nection with automobile and similar parts compared with untreated 
steel? 

ANSWER. By Charles Cotta of the Cotta Gear Co., Rockford. 
The drive shaft in a 5-ton truck measuring about 24-inch in diameter ¢ 
satisfactory service for an indefinite period. When it was changed to 
ton truck the change made it necessary to reduce the cross sect; 
of the shaft by about 4 inch. The shaft failed after a short period of se 
ice, and when the causes of the failure were investigated, it was fou 
that the material used was a 3% per cent nickel steel untreated. 1} 
description of this material answered S.A.E. Specification 2335. In 
instance, as is well known, the material has an ultimate strength of ab 
50,000 pounds per square inch. If this material had been heat treated 
physical properties would have been as high, which would have provided a 
large margin of safety, the reduction in diameter notwithstanding. Events 
later on proved this assumption to be correct. 


i 
al 





QUESTION NO. 2. What are the respective merits of carbonizii 
under high heat for a short time or low heat for a long time, and why is 
sometimes one employed and why the other? 

ANSWER. By R. M. Smith, Mechanics Machine Co., Rockford, II! 
The advantage of high carbonizing heat is that it is a time saver. Its dis 
advantages are: Increased cost of maintenance for furnaces, coarsening 0! 
the structure of the parts being carbonized, and inferior wearing qualities in 
the case thus obtained. Where no other requirements than mere hardness 
are to be met, higher heats, such as above 1700 degrees Fahr. are permissib| 
and from a production standpoint perhaps warranted, but never recom 
mended by the conscientious heat treater. Lower temperatures will r 
quire longer time and are in consequence more expensive for obtaining a cas 
of equal thickness. However, in employing lower temperature the carbo 
contents of the case shades gradually into the core, and in consequence 
case Of a much higher wearing quality is obtained. Further, it has bee 
observed that the case from lower carbonizing temperatures, that is fro 
1600 to 1700 degrees Fahr., shows less tendency to separate from the cor 
underneath. 





QUESTION NO. 3. Why do green castings warp during and after 


machining, and what can be done to overcome it? 
ANSWER. By C. Craine, Mattison Machine Works, Rockford, I! 
During the war large numbers of fixtures and gages with cast iron base 
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frames were made which had to be turned out hurriedly and. therefore 
id not be given the customary ageing, which consists of exposing them 
the open air under varying weather conditions from six months to one 
ir. We noticed considerable warpage during and after machining and 
iedied this disturbance by placing the castings, which were of the 
rular gray iron type, into a furnace, maintaining a temperature varying 
mm 600 to 9OO degrees Kahr. for a period of 12 to 18 hours and cooling 
em with the furnace. In most cases this procedure was sufficient to 
ercome the trouble. During further machining operations this was found 
to be the case so a second treatment of the same temperature and equal 
ie was applied, for example, from 12 to 24 hours was added. In ex 
reme cases when even two treatments did not prove sufficient, the castings 
were hammered and exposed for a third time to a temperature from 600 to 
QOO degrees Fahr. and a similar period of time as before. This did away 
entirely with all distortion and | am unable to relate one case where further 
disturbance or changes in the finished gage were observed. 


OUESTION NO. 4.) One more question was asked pertaining to the 
rehardening of a die and a result of very short life, the ratio being about 
10 to 1 compared with the first hardening. Several explanations were of 
fered: 1. Insufhcient annealing previous to hardening; 2. insufficient re 
noval of stock from the old surface; 3. insufficient allowance of room 
iround the form for flash; and 4. improper hardening. For proper harden 
ing the suggestion was made to place the die block into the furnace, run 


ning at a temperature of 500 degrees Fahr. and then to allow one hour 


2 
I 


of time for every inch of thickness of the block until it was heated to 1500 
legrees Fahr. For instance, if the die measures 7 inches high by 10 inches 
wide by 16 inches long, the total time for reaching the hardening tem 
1 rature would be seven hours. An addition of two hours should be made 
lor equalizing the temperature throughout, so that the total time of being in 
the furnace and previous to quenching would be nine hours. As proot tor 
the correctness of this methoél, the experience of a large drop forging de 
partment was related to the effect that out of about one thousand die 
blocks only three were lost on account of cracking. 


QUESTION NO. 5 What is needle bar stock? 
QUESTION NO. 6. Does the temperature in the carbonizing box or 


at any time become greater than that of the furnace in which it is be- 
heated? 
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Abstracts of Technical Articles 


Brief Reviews of Publications of Interest 
to Metallurgists and Heat Treaters 
By H. E. Gladhill 


CARBONIZING 


NITROGEN IN CARBURIZED STEELS. By W. E. Ruder and G. R. B: 
Chemical and Metallurgical Engineering, Vol. 25, Page 86/7. 

Nitrogen as well as carbon. is responsible for the hardening obtained on ca: 
izing. Nitrogen may be detected by the use of Stead’s reagent. The effect 
trogenous and nitrogen-free carbonizers on pure iron was investigated as was 
effect of nitrogenous carbonizers on all of the common alloy steels. Nitrogen was | 
to act similarly to carbon. No actual nitrogen determinations were made, the r 
all being based on metallographic inspection. 


EFFECT OF HEAT TREATMENT ON PHYSICAL PROPERTIES 


ARTIFICIAL SEASONING OF STEELS. By H. J. French, American Mac/ 
Vol. 55, Page 768. 

It has been known for some time that steel after certain heat treatments 
derwent dimensional and thermal changes at room temperatures. Little quantitative 
however, is at present available. Experiments were undertaken at the Bureau 








Standards on five classes of steels, including, carbon, chrome and mamganese st: 

The steels were made up into gage blocks given various heat treatments. and finished 
after which they were tested at definite time intervals for dimensional and hardnes- 
changes. The results are presented in tabular form. Th high chrome and the pla 
carbon steels were found to be unsatisfactory as gage material. An adequate theo: 


explaining the dimensional and thermal changes is as yet wanting. 


A BIBLIOGRAPHY AND ABSTRACTS OF CHROMIUM STEELS. By, 
P. Zimmerli, Chemical and Metallurgical Engineering, Vol 25, Page 837. 


The principal papers on chromium and chromium alloy steels published duri: 


the period 1798 to 1919 are given with a brief summary of their scope. 


A STUDY OF IMPACT TESTS ON CAST STEEL. By F. C. Langenburg 


The Iron Trade Review, Vol. LXIX, Page 1145. 


The influence of varying amounts of phosphorus, carbon and manganese and 1! 
influence of varying heat treatments on the Charpy impact value and on the tensi! 


properties of steel were studied. From the tests it may be concluded that 


varying the phosphorus from 0.043 to 0.075 per cent has little effect on the tensil 
properties but reduces the Charpy impact value by over 50 per cent; (b) keeping 
the carbon below 0.30 per cent and the manganese below 1.30 per cent appreciably in 
creases the impact value; and (c) water quenching steel castings noticeably improves 
the impact resisting qualities. For the sake of comparison a table is given showin 
the effect on the tensile properties and Charpy values of forged steel obtained by varying 


the composition and the heat treatment of this stock. . 


IMPACT PROPERTIES OF VARIOUS STEELS. By F. C. Langenburg 


Chemical and Metallurgical Engineering, Vol. 25, Page 910. 


A study of the Charpy values obtained on centrifugally cast steel cylinders is « 
scribed in detail. The other data given is the same as that covered in the artic! 


appearing in The Jron Trade Review. 


ENAMELED STEEL 


ENAMEL STEEL MANUFACTURE. By C. H. Jones, Chemical and Metallw 


cal Engineering, Vol. 25, Page 883. 


is given. 


A description of the plant and equipment of the Pfaudler Co., Rochester, N. 
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ENAMEL-LINED APPARATUS. By C. H. 
ngineering, Vol. 25, Page 927. ee 

A description of the plant and products of the Elyria Enamel Products Co., 
lyria, O., is given. 


Jones, Chemical and Metallurgical 





MAGNETIC TESTING 


MAGNETIC SURVEYS OF RAILROAD RAILS, Anonymous, /ron Age, Vol. 

8, Page 1271. 
Little that is new has been developed since the publication of Dr. P. H. Dudley’s 
paper before the American Society for Testing Materials two years ago. It has been 
und possible to differentiate positively between ductile and brittle rails. The bene- 
ficial effect of reheating before the final rolling of the rail has been demonstrated. 
Many magnetically tested rails have been put in service, but it is yet to early to draw 
any conclusions from their performance. 


ll 





MAGNETIC ANALYSIS OF STEEL. By R. L. Sanford, Americen Machinist, 
Vol. 55, Page 836. 

A brief description of the fundamental principles underlying magnetic testing is 
civen and some of the outfits used are shown. Attention is called to the fact that if 
a specimen is mechanically nonuniform, magnetic nonuniformity will always be found 
hut that magnetic nonuniformity does not always indicate mechanical nonuniformity. 
Considerable additional research is still necessary before this method of testing may 
be generally applied. 


METALLOGRAPHY AND HARDNESS THEORY 


CONTRAST ETCHING FOR METALLOGRAPHIC SPECIMENS. By H. 
Rawdon and Marjorie G. Lorentz, Chemical and Metallurgical Engigneering, Vol. 
Page 915. 

The use of hydrogen sulphide followed by silver nitrate as a contrast etch for 
brasses and bronzes is described. In some bronzes it was found advantageous to use the 
silver nitrate first and then the hydrogen sulphide. Several photomicrographs are 
shown. 
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« METALLOGRAPHIC TESTING. Bureau of Standards, Circular 42, 2nd Edition. 

The circular discusses briefly the conditions which affect the properties of metals 
under the following divisions: Microscopy and structure, thermal analysis and heat 
treatment, mechanical working of metals, chemical and metallurgical factors and 
melting conditions. The conditions under which metallographic tests are made at 
the Bureau of Standards are explained. 






THE ORIGIN OF STRAINS IN HEAT TREATING, 
Eisen, Vol. 41, Page 1321. 

The volume changes taking place on heating and cooling steel as various roles 
are followed. The opinions of the author and of Heyn on the causes of hardening are 
set forth. No original data is given. 


3y W. Tafel, Stahl und 

















THE STUCTURE AND RELATED PROPERTIES OF METALS. Bureau of 
Standards, Circular 113. 

This circular supplements the one on “Metallographic Testing.” The development of 
structure in alloys is first discussed and a list of etching reagents is given together 
with information on their purpose and use. The effect of composition on structure is 
considered. The changes due to changes in composition, heat treatment, etc., are 
discussed. The effect of structure on the physical and chemical properties is covered 
and typical applications of the miscroscopic study of metals are cited. 


burg 


rticl NEW MATERIALS 
_ THE FUTURE OF STAINLESS STEEL, Anonymous, Engineering, Vol. 
CXXXII, Page 447. | 

The use of high chromium steel as turbine blades and pump rams is discussed. 


GENELITE: AN IMPROVED BEARING ALLOY. By E.G. Gilson, General ‘Elec- 
tric Review, Vol. XXIV, Page 949. 
A new bearing material is described having a compressive strength of 50,000 pounds 
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per square inch. It is made up of bronze containing many fine particles of gra 
Bearings are made up from the powdered bronze by pressure. 


WELDING 

THE SCIENCE OF ELECTRIC WELDING. By W. E. Ruder, Journal 
l‘ranklin Institute, Vol. 192, Page 561. 

A discussion of the rise and development of welding is given. The various typ 
welds are taken up and the structure of the finished welds is shown by nun 
photomicrographs. Equipment is discussed in very general terms. The 
is of a nontechnical nature and no new data ts submitted. 


WELDING IN THE DROP FORGE SHOP. By J. H. G. William, Forging 
feat Treating, Vol. 7, Page 453. 

This paper is restricted to the electric resistance method of welding by 
two pieces of metal are held together while an electric current is passed thr 
them sufhicient to develop heat enough at their point of contact to produce fu 
Welds were made on a large number of 4 and %%-inch round stock. The ph 
properties of these welded rods were determined and are presented in tables. In 
case was the strength of the weld less than one-third of the strength of the stock 


THE FUSION WELDING OF STEEL. By S. W. Miller, presented at the Nov 
ber meeting of the American Iron and Steel Institute. 

Three types of fusion welding are at present in use, (a) gas welding, (hb) 
welding, and (c) thermit welding. The present paper is confined to the two { 
types. Low carbon steel rods (carbon 0.05 to 0.16 per cent) are used for fillin; 
the weld and in the case of the arc weld it has been found advantageous to use 
covered with a slag forming material. Nickel steel welding rods have been found 
be superior to the plain carbon steel rods. Welds are to a large extent depend 
upon the skill of the welder. The welder should be given proper training and 
work should be tested at regular intervals. Welds are in general weak to shock 
alternating stresses and the tests used are described. A considerable amount o 
search is still needed before great uniformity may be expected in welded material 
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NEW MEMBERS’ ADDRESSES OF THE AMERICAN SOCIETY FOR 
STEEL TREATING 


EXPLANATION OF ABBREVIATIONS. M represents Member; A_ represents Associate 
ber; S represents Sustaining Member; J. represents Junior Member, and Sb represents Subscribing 
mber. The figure following the letter shows the month in which the membership became elective 


\RBER-COLEMAN CO., (M-11), Rockford, Il. 

\SEY, F., (M-10), Madison Ave., Hartford, Conn 

OALE, L. N., (M-12), 15416 Loomis, Ave., Harvey, Ill 
FREDERICK, JOHN B., (M-11), 425 Oakley Ave., Rockford, Ill 

LTON, WILLIAM, (M-12), 1259 E. 134th St., Cleveland, O 
‘ORRELL, JAS. T., (M-11), R. F. D. No. 1, Rockford, Il 

‘-ULICK, LEE NELSON, (M-11) 334 W. Logan St., Philadelphia, Pa 
-REENSLIT, E. M., (M-11), 319 N. Dav Ave., Rockford, Hl. 

‘ROTTS, FRED, (M-12), Holt Mfg. Co., Peoria, Ill. 
HARBERT, W. G., (M-12), 207 W. Webster Ave., Muskegon, Mich 
HARRISON, O. H., (M-11), 612 Fifteenth St., Rockford, Ill. 
HEURING, H. T., (M-12), 1005 First St., Charleston, W. Va 
HICKOX, WILL, (M-11), 1015 Tenth Ave., Rockford, III. 
HINER, W. F., (M-11), 15200 Turlington Ave., Harvey, Ill 
HOERLE, WILLIAM F., (M-10), Union Hardware Co., Torrington, Conn 
HUGHES, FREDERICK G., (M-12), New Departure Mig. Co., Bristol, Conn 
}ACKMAN, ALAN, (M-11), Missouri Athletic Assn., St. Louis, Mo. 
JOHNSON, F. ELMER, (M-11), 15805 Lexington Ave., Harvey, Il. 
KNAPP, EDWIN, (M-11), 209 So. Independence Ave., Rockford, III 
KUNZE, GEO W., (M-11), 207 Van Alstyne Bldg., Wyandotte, Mich. 
LAKE, E. F., (M-12), 2115 Vinewood Ave., Detroit, Mich 
MACKENZIE, FRANKLIN H., (M-11), Norton Co., Worcester, Mass 
MATHER, CHAS. E., (M-11), Sixth and Boymiller Sts., Cincinnati, © 
McKEE, J. H., (M-11), 79 W. 150th St., Harvey, III. 
MEMERING, A. H., (M-11), E. B. Company, Rockford, Il. 
MORANTY, ADAM F., (M-11), 3938 Livernais Ave., Detroit, Mich 
MORRISON, HARRY J., (M-11), 831 McCartney St., Easton, Pa 
NASH, GEO. CO., 1616 Harlem Rd., Rockford, Il. 
NELSON JOHN A,, (M-11), R. R. No. 9, Rockford, Ill. 
NICHOLS, W. HART JR., (M-12). 44 Woerd Ave., Waltham, Mass. 
OLSON, OTTO H., (M-11), 1044 E. State St., Rockford, Il. 
PALMER, FRANK R., (M-12), 128 N. Spring St., Reading, Pa. 
PIERCE, HAROLD M., (M-12), 1723 Lafayette Blvd., Detroit, Mich 
RABB, F. C., (M-11), 324 Gordon Ave., Syracuse, N. Y. 
SCHWARTZ, HARRY A., (M-12), 10600 Quincy Ave., Cleveland, O. 
SHAW, G. M., (M-12), 642 Munsev Bldg., Washington, D. C. 
SMITH, ALAN WOOD, (M-12), Cohoes Rolling Mill Co., Cohoes, N. Y. 
STEPHEN, G. E., (M-12), 286 Main St., Worcester, Mass 
THURSTON, CONIE M., (M-12), Simonds Mfg. Co., Fitchburg, Mass 
U. S. BUREAU OF MINES, (Sb.-1), Morse, Hall, Ithaca, N. Y. 
VLCHECK, HENRY, (M-12), Vicheck Tool, 3000 E. 87th St., Cleveland, O. 
WARD, H. IRVING JR., (M-11), 544 Seymour St.. Syracuse, N. Y. 
WARING, F. M., (M-11), Pennsylvania System, Altoona, Pa. 
WATTS, ARTHUR F., (M-11), 236 E. 32nd St., Paterson, N. J. 
WESTERN ELECTRIC CO., (Sb-1), Engineering Library, 263 West St., New 

York City. 


CHANGES OF ADDRESS 


BECKER, G. H.—from 1521 Ardmore Ave. to 4911 N. Leavitt St., Ravenwood 
Station. Chicago, Il. 

BURKHARDT, D.—from &23 E. Donald St., South Bend, Ind. to 117 E. Misha 
waka Ave., Mishawaka, Ind 

BUSH, A. T.—from 1115 Quarrier St. to 1414 Kanawha. Charieston, W. Va. 

CHABOT, J. M. F—from 30 Orchard St, Bristol, Conn. to 85 Dwight St., New 
Britain, Conn. 

CHURCH, HARLOW—from 165 N. Pine Ave. to 524 North Leeland Ave., 
Chicago. 


COPELAND, C. W.—from Timken-Detroit Axle Co. to Rickenbacker Motor C 
Detroit. 


0.. 
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DOBBS, L. D., (M-11)—from Minneapolis Bedding Co. to 616 12th Ave. S 
Minneapolis, Minn. 

GUSTAFSON, R.—from 2827 S. Mich. Ave., Chicago to 2815 13th Ave., Molin. 

GARDINER, F. E.—from 222 Craiton St., Charlottetown, P. E. to Crucible s 
Co. of America, 163-5 Richmond St., W. Toronto, Can. 

GEISSLER, W. E.—from 17 James St. Holyoke, Mass. to Columbus St. G: 
field, Mass. 

HAWKINS, E. R., (M-4)—from Y. M. C. A. to 724 Delaware St., Gary, Ind. 

HAWLEY, PHILIP, (A-12)—from Box 166 to Box 158, Torrington, Conn. 

HAYNES, J. K., (M-7)—from 18 West St., Waterloo, N. Y. to The Enginee: 
Experiment Station, Annapolis, Md. 

HUMMELL, A. S.—from Wm. Wharton Jr. & Co., Easton, Pa. to Blooms) 
| eR 

HERMANN, K. L.—from 242 Medbury Ave. to 909 Burlingame, Detroit, Mich 

KEIDEL, E. E., (M-1)—from 2313 Searsdale Ave. to 3379 W. 97th St., Cleveland 

LAU, F. C.—from 1437 W. Jackson Blvd. Chicago to 242 S. Kenilworth A 

Oak Park, Ill. 

LEE, JOHN, (M-9)—from Box 351 to Box 531, Ingersoll, Ont., Can. 

LEITNER, FRED—from 258 Chadwick Ave., Newark, N. J. to Westfield Ave., Sco 
Plains, N. J. 

LYNCH, A. S.—from 367 Elm St., New Haven, Conn. to Box 94, Whitneyvil 
Conn. 

MANLEY, R. 5S., (M-12)—from R. F. D. 2, Harrisburg, Pa. to 410 Perry Apt 
Davenport, lowa. 

MURPHY, PATRICK, (M-11)—from 625 Gifford St. to 509 Grand Ave., Syracu 
N. Y 


SHERMER, N. H., (M-4)—from 96 St. James St. to McKinnon Industries Lt 
St. Catharines, Ont., Can. 


SMITH, R. O.—from 4019 N. Union Ave. St. Louis, Mo. to Care Burroug! 


Adding Machine Co., Detroit, Mich. 
SWANBERG, C. G.—from Gen. Del. to 1746 E. Williams St., Decatur, III. 


THOMAS, C. H.—from 499 Ridgewood Ave., Glen Ellyn, Ill. to 626 S. Harve) 


Ave.. Oak Park, II. 
VAN GILDER, C. L.—from 4205 N. St. Louis Ave. to 6123 N. Lincoln A, 
Chicago, Ill. 


WATERBURY, FRED, (M-1)—from 28 Mill St., Schenectady, to R. D. No 


2, Delanson, N. Y. 
WEEKS, R. T.—from 25 S. Broad St. to Box 80, Johnson City, N. Y. 


WORTH, C. B.—from Vulcan Eng. Co., Jackson, Mich. to 501 W. Liberty S: 


Ann Arbor, Mich. 


WYZALEK, J. F.—from 382 S. 2lst St., Irvington, N. J. to 160 Chestnut St 
] 


Kearney, N. 


ZIMMERLI, F. P, (M-1)—from 5106 Woodward Ave. to 459 Hancock W. Detroit 


Mich. 
MAIL RETURNED 
BALL, WM. G., Randolph St., Detroit, Mich. 


GORHAM, WM. R., 53 Aza Kominato, Kitagate Machi Juniten, Jokoham, Japan 


HANCOCK, GEO., M., Union Charcoal & Chemical Co., Rochester, N. Y. 
HOWE, H. A., Standard Heat Treating Co., 1971 Guoin St., Detroit, Mich. 
HUNTER, GEO. C., Hotel Huron, Cleveland, O. 

LAWRENCE, A. H. M., 511 West Grove, Ontario, Cal. 

LEININGER, J. R., 308 West Packer Ave., Bethlehem, Pa. 
LIVINGSTON, EDDIE, (M-4), 1208 S. Seventh St., St. Louis, Mo. 
JARDINE, J. J.. Y. M. C. A., Syracuse, N. Y. 
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News of the Chapters 


SCHEDULE OF REGULAR MEETING NIGHTS 


POR the convenience of visiting members, those chapters having regular 
meeting nights are listed below. It is desired that all secretaries 
whose chapters are not included in the list should communicate with the 
\ational Office in order that the list may be as complete as possible. 
Charleston—First Tuesday, Kanawah Hotel, 8 p. m. 
Chicago—Second Wednesday, City Club, dinner 6:30 p. m., meeting 


S p. m. 


Hartford—Thursday nearest 10th of month, Jewell Hall, Y. M. C. A., 
7:45 p. m. 4 

Pittsburgh—First Tuesday, Chatham Hotel, dinner 6:30 p. m.,, 
meeting 8 p. m. 

Schenectady—Third ‘Tuesday, Civil Engineering Bldg., Union College. 

Tri Cities—First Thursday following first Monday. 

Washington—Second Friday. 


ROCKFORD CHAPTER 


OLLOWING is a report from the Rockford Morning Star of Dec. 13 
which quite well presents an account of the initial meeting of the Rock- 
ford Chapter at Rockford, Ill., Dec. 12: 

“Nearly 100 steel treaters of Rockford gathered last night at the Nel- 
son hotel for the first monthly banquet and business session of the Rock- 
ford Chapter of the American Society for Steel Treating. A good dinner 
and an excellent address were followed by a general discussion of problems 
confronting local workers in steel. 

“William H. Eisenman, Cleveland, O., National Secretary of the or- 
ganization, delivered a splendid talk on steel treating. His remarks were 
filled with humorous anecdotes which kept his audience smiling while he 
drove home the points of his discussion. 

“Steel treating, said Mr. Eisenman, began with Adam and Eve, for the 
race was young when the discovery of steel was made, probably by the 
building of fires on mineral sands. ‘This, said the speaker, would have led 
to the discovery of chunks of metal in the ashes, formed by the heat. He 
recited in detail the various steps in which progress in the use of steel and 
in the treating of it to obtain varying degrees of hardness was made. 

“Ancient writers were quoted by Mr. Eisenman to show that the 
knowledge of heat treatment existed at the dawn of civilization. 

“Superstitions that survived for centuries, becoming ‘trade secrets’ were 
vone into in detail. Certain waters were supposed to be more effective in 
quenching the heated metal and every manufacturer of steel in the early 
lays of the industry had his own special brand of liquid for this purpose 
ne mixing garlic with brandy, another using the blood of slaves, and 
others introducing their own odd mixtures. One medieval treatise on heat 
treatment asserted in connection with the blood method that ‘red-headed 
boys were advocated for the finest grades of steel.’ 

“Getting down to the present time, the speaker told of numerous mod- 
ern methods of doing the work, some of which show a great similarity to 
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those of the ancients. He spoke of visiting many American plants and 
serted that the idea of secrecy in methods was rapidly giving place to a 
sire on the part of steel treaters to exchange ideas for the improven 
of the science. 

“This spirit of co-operation, declared Mr. Eisenman, forms the } 
of the American Society for Steel Treating, a society which, he said 
not a money-making proposition, but purely an educational organizat: 
Every question that puzzles steel treaters is taken up by the society and 
solution found. Members present their individual problems, the solut; 
of which the society undertakes. Papers on the various technicalities 
steel treating which are read at the monthly meetings of the 32 chapt 
are published every month in the society’s TRANSACTIONS, a 160-page boo! 
which is sent free to every member. 

“Horace H. Clark, Chicago, acting chairman of the Chicago chapter 
the society, was present and in a short address congratulated the local 
men for the large number present, which, he said, was _ proportionat 
much greater than ordinarily enjoyed by new chapters. 

“ ‘Instead,’ said Mr. Clark, ‘of coming out here to tell you men how 
to organize, I find I am getting pointers that I shall be glad to take bac! 
to our Chicago chapter. I want to find out how your committee did in 4 
few weeks what it has taken most of us months to do in the way of ge 
ting organized.’ 

“Of those who sat down to the dinner last night, 31 were members 
of the local chapter. Before the program was over 26 additional applica 
tions for membership were in the hands of the secretary and a numbe: 
of others were promised. There are about 150 men in Rockford interested 
in steel treating and thus eligible for membership. 

“Otto IF. Muehlemeyer, chairman of the Rockford chapter, acted as 
toastmaster last night and made the address of welcome to the guests 
Other officers of the chapter are: Oscar Harrison, vice chairman; R. M 
Smith, secretary-treasurer; and Charles Cotta, John B. Frederick, C. R 
Crain and A. H. Memiring, directors. 

“Charter members of the chapter, all of whom were in attendance at the 
dinner last night, were C. D. Barrand, R. G. Burmeister, J. J. Burns, 
Charles Cotta, C. R. Crain, John Dahleen, John B. Frederick, E. M. Green- 
slit, James F. Gorrell, O. H. Harrison, Will Hickox, George J. Johnson, 
Edwin Knapp, P. H. Landis, G. W. McKee, A. H. Memiring, A. M. Monks, 
O. T. Muehlemeyer, George Nash, J. A. Nelson, Otto Olson, J. L. Rossier, 
R. M. Smith, A. W. Swanson, W. G. Thomas, C. V. White, H. L. Waisner 
and W. K. Young.” 


NORTHWEST CHAPTER 


The November meeting of the Chapter was held on Nov. 28 at the 
Manufacturers’ Club, Minneapolis. H. K. Briggs, Minneapolis Electric 
Steel Castings Co., presented a paper on “Instruments and Apparatus, Py 
rometry, Microscopy, Physical Testing and Furnaces,” which was_ illus- 
trated by lantern slides. 

At the meeting of the Chapter Wednesday evening, Dec. 7, the mem- 
bers had the pleasure of meeting F. P. Gilligan, National President of the 
Society. Mr. Gilligan is making a tour of the country visiting 32 local 
chapters of the Society. He was very favorably impressed with the work 
being done by the local chapter, which is known as the Steel Treaters’ 
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Section of the Manufacturers’ Club, and was enthusiastic about the edu- 
tional course being conducted for the benefit of those who are interested 
studying the fundamentals of metallurgy and steel treating. Mr. Gilli- 

left Thursday, Dec. 8, to visit the St. Louis Chapter. 


NEW HAVEN CHAPTER 


The New Haven Chapter held a very interesting meeting in the 
Chamber of Commerce room, New Haven, on Friday evening, Nov. 18. 
Due to the miserable weather conditions only about 50 were in attend 
ance. The meeting itself was enthusiastic and both papers very inter 
esting. William R. Bennett, president of the Bennett Heat Treating Co., 
Elmwood, Conn., gave a practical paper entitled, “Atmospheric Condi 
tions in a Heat Treating Furnace and How to Control the Same.” 

The other paper was given by N. B. Hoffman, chemist and metal 
lurgist, Colonial Steel Co., Pittsburgh, Pa., and was entitled, “Ghost 
Lines and Grain Elongation in Hot-Rolled and Cold-Drawn Iron Wire 
and Tool Steel.” 

One of the best meetmgs held by the local chapter took place in the 
assembly room of the New Haven Gas Light Co. on Dec. 21. James 
Black, foreman of heat treating, Geometric Tool Co., Westville, Conn., 
presented an interesting paper on “The Importance of Uniformity in Heat 
lreating.” Dr. Paul C. Doerr, metallurgical engineer, Springfield, Mass., 
spoke on “Principles of Carburizing, Quenching and Tempering.” These 
two papers appealed to both the technical and practical men, and in 
consequence there was a very large attendance. A lively discussion on 
both subjects proved of much value as well as the interestimg questions 
taken from the question box. After the meeting a smoker was _ held 
followed by refreshments and all of the members enjoyed the good fel 
lowship of the New Haven Chapter 

The next meeting will be held Jan. 25 at Yale University. 


PITTSBURGH CHAPTER 


Prof. H. F. Moore, University of [linois, Urbana, Ill., delivered an 
address on “The Fatigue of Metals,’ at the meeting of the Pittsburgh 
Chapter on Dec. 6, at the Hotel Chatham. His address which was illus 
trated with motion pictures and lantern slides was based on the reports 
of an investigation into such phenomena conducted by himself and Prof. 
J. B. Kommers, also of the university, in co-operation with the National 
Research Council, the Engineering Foundation and the General Electric 
Co. Professor Moore discussed at length the phenomena of the fatigue 
of metals and concluded with a review of the progress made by the in 
vestigation up to date. The meeting was attended by probably one hun 
dred members and their guests. 

A meeting of the Council was held on Dec. 19 to discuss plans for 
the spring sectional meeting of the National Society in Pittsburgh in May. 


LEHIGH VALLEY CHAPTER 


Geographically located in one of the greatest industrial centers of the 
United States and perhaps of the world, the Lehigh Valley Chapter is 
spurred on to maintain an equal footing among the valleys’ technical 
societies. That they are capable of doing it was most evident when ‘on 

Nov. 28, 130 members and guests braved one of the worst storms ex 
perienced in the valley for a long time to attend a dinner-meeting given 
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National President F. P. Gilligan, of the Society at Kurtz’ restaura, 
Bethlehem, Pa. Lt 
Dinner was served promptly at 7 o’clock in the banquet room _ a 
the famous restaurant. Following the dinner and prior to the introdu 
tion of President Gilligan, 15 minutes was devoted to mirth and jovial 
wherein those present were given an opportunity to become better ; 
quainted. It was at this time that the members were surprised by wren 
orchestra composed of five artists, members of the chapter. With ¢ month 
able assistance of song leader “Bill” Laury the orchestra held the enthusiasi) -peak 
at highest pitch. nd € 
President Gilligan, upon being introduced, addressed the meeting o T 
“Quality First.” Mr. Gilligan held the closest attention as he forceful! IAN 
impressed the value and importance of his subject. The talk was illu: FEBRUS 
trated with slides. Many photographs as well as photomicrographs wer 
shown of failures which occurred in tools and machine parts due to faulty =a 
material, improper design, and carelessness or the short circuiting of th .- 
heat treating. Throughout his entire talk Mr. Gilligan laid great stre: JUNE: 
upon the present day tendency to place production and not quality firs: ) 
Among the guests present were T. D. Lynch, research  enginee: \ddes 
Westinghouse Electric & Mfg. Co., East Pittsburgh, Pa.; W. Williams 
metallurgist, Billings & Spencer Co., Hartford, Conn.; and W. O. Hear 
sey, division superintendent, Bethlehem Steel Co., and president Lehig 
Valley Engineers’ club. Each in turn spoke very highly of the oppor 
tunities which the society offered to those using steel or steel products. Soci 
There was no December meeting of the chapter. The committee an disci 
nounces that the next meeting will be the third of the series on “The tion 
Manufacture, Treating and Testing of Steel,” and will be held in th: subr 
Public Library auditorium, Easton, Pa., Jan. 9, 1922: This meeting will tain 
be addressed by Messrs. W. Cutter and W. G. Walton, of The Bethle Tre 
hem Steel Co., on “Rolling Mill and Foundry Practice”. Stee 


PROVIDENCE CHAPTER Spe 


W. C. Peterson, metallurgist of the Atlas Crucible Steel Co., spoke 
before the Rhode Island chapter at Providence on Wednesday, Nov. 30 
This proved to be an excellent meeting due to the fact that Mr. Peter was 
son handled his subject “Tool Steel and Its Heat Treatment” in such an Mo 
acceptable manner. The subject dealt particularly with treatment of mo 
dies, reamers, broaches, files; also preheating and its different phases, poi 
machining tool steels, and the value of fillets. 


NEW YORK CHAPTER 


A very enthusiastic and well attended meeting of the New York Chap- ir 
ter was held in the Engineering Societies building, Wednesday, Nov. 16. Sy 
Over one hundred members and guests were present, and they enjoyed af 
a very interesting address by T. Holland Nelson, works manager of the let 
H. Disston & Sons, Philadelphia, Pa., who gave an illustrated talk on iu 
crucible steel making as practiced in England and in America. Mr. Nel- H 
son spoke with the authority which comes from many years of experi- to 
ence, both in his native town of Sheffield and in various American works. pr 

Previous to the paper of the meeting, E. E. Thum, associate editor 
Chemical & Metallurgical Engineering, New York, in reviewing current 
events of interest to metallurgists, called attention to recent publications 
on the investigation of metallic structure by X-rays, and a modern adapta- 
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of forge practice called “hammer welding”, used for making large 
led boilers, pressure containers, and pipe. 

The program committee feels very much gratified in the response 
the local membership thus far this year, and takes it as an indication 
t their plans for the year are along the right lines. ‘These consist of 
eries of evenings, each of which will cover some phase of the heat 
iters’ work, and be handled by an expert in that particular line. Next 
ith the chapter will entertain National President Gilligan, who will 
ik on the subject “What Happens to a Piece of Steel When You Heat 
| Quench It?” 

The practical talks for 1922 are as follows: 

UARY :—Annealing and tempering machine and tool steels. 
UARY :—Case hardening (carburizing and subsequent heat treatment). Ways of 
doing it, and what it does to a piece of steel. 
-Treatment of high speed steel. 

.:—Hardening room troubles, shrinkage, warpage and scaling. 
ran p-to-date hardening room equipment, furnaces, pyrometers and auxiliaries. 
‘E:—Spotting the reason for failures in service. Practical uses for microscopes 

and physical testing machines. 

\dded Attraction:—Current events, a 10-minute talk at 
published items of interest to heat treaters. 
into the discussions of the topic presented. 


CLEVELAND CHAPTER 


The November meeting of the chapter was held at the Engineering 
Society’s room, Hotel Winton, Friday evening, Nov. 25, and consisted of 
liscussion of questions submitted at the previous meeting. Each ques- 
1 was assigned to a member to open the discussion. The questions 
ubmitted were as follows: “Heat 2 ee of 3-Inch Forgings to Ob- 
iin Certain Physical Properties’, by Ray . Bayless; * ‘Ageing and Heat 
reatment of Cast Iron”, by Robert tees ; “Effect of Silicon in Tool 
eel”, by J. V. Emmons; “Effect of Pickling” and “Carburizing High 
Speed Steel”, by W. S. Bidle. About 65 members were in attendance at 
the dinner and over 30 members participated in the interesting discus- 
sions. 

The December meeting was held at the same place on Dec. $ 
was addressed by Prof. H. F. Moore, of the University of Illinois. Prof. 
Moore’s talk on the “Fatigue of Metals” was illustrated by slides and 
moving pictures, and proved to be one of the best meetings from the 
point of attendance, 200 being present, that the chapter has held this year. 
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SYRACUSE CHAPTER 


The chapter had a well attended meeting in the Yates hotel on 
'riday, Dec. 2. D. D. Ormsby, chief engineer, Brown Lipe-Chapin Co., 
~yracuse, N. Y., read a paper, “Automobile Rear Axle Gears”. After 
. terse description of the various systems of gears he dwelt on the prol- 
lems that confront the designer of gears for automobiles, describing care- 
iully the necessity of meeting conditions induced by automotive design 
He mentioned in passing the various type of materials used, the machines 

) produce the gears and finally the troubles caused by the hardening 
process. The audience, made up largely of men from various other gear 
ants of the city, questioned Mr. Ormsby closely on best practices and 
safeguards to insure a good product. 

Mr. Howell’s paper, “The Designing of Tools,” was well received 
ince he addressed an audience that had experienced difficulties in hard- 
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ening tools of poor design. His paper covered tools, jigs and fixtu 
usually found in a gear plant. Especial interest was shown by the 
men present in the matter of broaching. This is a problem that both 
and is a hard operation to perform on account of the size and shapy 
holes to be broached and the condition of the material. 


HARTFORD CHAPTER 


The regular December meeting of the Hartford Chapter was held 
Dec. 8 at the assembly hall of the Hartford Y. M. C. A. The audie: 
numbered 125, of whom 35 were members and 90 were nonmember 
The meeting started with musical entertainment provided by Mr. Hat! 
away’s entertainment committee. Then Mr. Rockwell introduced mm 
members and guests to the meeting. Mr. Graham, of the New Y, 
Chapter, announced the plan for sectional meetings during the winter 
with particular reference to the New York meeting in March, and 
for volunteers to present papers at that meeting. 

George P. Moore, metallurgist of the Wallace Barnes Co., Brist 
Conn., read a paper dealing with design, materials, heat treatment, 
inspection of springs, as ci arried out in that plant. He also exhibit 
numerous samples of springs of various types, and failures to which these 
springs were subject. Owing to an accident occurring to the car in which 
he drove to the meeting, it was necessary to abandon the greater part 
the samples on the road, the party being forced to transfer to anotl 
already crowded car. His paper was very interesting and valuable, in 
that it covered the entire manufacture from the design to the ea 
product. The paper will be available for publication, and the chap 
believes that it would be a valuable addition to the TRANSACTIONS. Man 
of the audience announced their desire to acquire a copy of the pap: 
and it is probable that a limited number of type-written copies will be 
made for distribution within the chapter. After Mr. Moore’s paper was: 
read, open discussion took place, and many questions relating to specific 
uses were discussed. 

The final feature of the meeting was « description of a somewha 
common effect observed in the heat treatment of high speed steel. After 
hardening, the high speed tools exhibited by Mr. d’Arcambal, showed a 
hle-hard surface. When the tool was fractured, however, the fractured 
surface could be filed easily. Examination of the tool, which was not 
over 0.25 inch thick, showed that it possessed a thin hardened skin, hay 
ing a thickness of only 0.002 or 0.003 inch, the remaining interior = 
tion being quite soft to the file. Tools of this sort appeared to be proper]) 
hardened when tested with the file, but after the first grinding in service, 
were found to be useless. In the discussion that followed many opinions 
were offered as to the reason for this effect. It developed that this effect 
had been noticed only in the 18 per cent tungsten type of high speed 
steels, and then only when the carbon content was in the range of 0.50 
to 060 per cent. The effect is undoubtedly due to the relatively low 
carbon content. Failures of this sort can be guarded against only by) 
careful inspection and chemical analysis of the bar stock before shaping 
into tools. . 

Mr. d’Arcambal also told of experiments he had made to determine 
the effect of furnace temperature on the rate of heating of a cold too! 
placed in the furnace: He gave as examples the following: Two pieces 
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lar furnaces, one of which was running at 1400 degrees Fahr. and the 
at 1800 degrees Fahr. It would seem natural for the piece placed 
he 1400 degree furnace to reach the furnace temperature first, but as 
atter of fact, the 1800 degree piece was first. The difference in tem 
rature gradient, also the proximity of the 1400 degree heat to the crit- 
point of the steel play a part in this paradox. Similar tests have 
heen described recently in the metallurgical press, in which the same 
results were obtained. 
The subject of the January meeting was announced at the close of 
the meeting. H. J. French, of the Bureau of Standards, Washington, will 
speak on the work and equipment of the bureau. His talk will be illus 
ted by lantern slides and possibly by moving pictures. He should be 
e to interest all by a description of some of the problems investigated 
| solved by the bureau. 
Unless otherwise announced in the monthly poster notices, the reg 
monthly meetings of the chapter will be held on the Thursday near 
the 10th of each month, at 7:45 p. m., in Jewell Hall, Y. M. C. A,, 
lartford. 
The date and program for each meeting is as follows: 
srY 5:—“The Relation of the Bureau of Standards to Industry,” by H. J. French, 
Bureau of Standards, Washington. 
FresrUARY 9:—“High Speed Steel,” by A. H. d’Arcambal, Pratt & Whitney Co 
Hartford, Conn. 
Marcu 10:—Heat Treatment Coniest. Everyone is invited to compete for the prize. 
\pru. 13:—“The Characteristics of Tool and Alloy Steels,” by Dr. John A. Mathews, 
President Crucible Steel Co., Pittsburgh. 
\prit 29:—9:00 a. m., Inspection of New Departure Co. Plant, Bristol, Conn., Cour- 
tesy of the New Departure Co. All New England Chapters of American 
Society for Steel Treating and American Society of Mechanical Engineers 
are invited. 
May 11:—“The Inspection and Heat Treatmeni of Steel,” by J. J. Curran, The Henry 
Souther Engineering Co., Hartford, Conn. 
june 8:—Annual Banquet. Speakers to be announced later. 


In addition to the subjects announced above, some time will be devoted each 
evening to: 


1. “Question Box;” 2. Short reviews from current literature on steel treating and 
t ~ o a £ 
equipment; and 3. Some unique heat treatment effects observed by members. 


WASHINGTON CHAPTER 
On Friday Dec. 16, the Washington Chapter was addressed by N. 
Hoffman, of the Colonial Steel Co., his subject being “The Hot 
ling and Cold Drawing of Low Carbon Steel Wire.” Inasmuch as 
rods and wire find many applications in general construction as well as 
special application in ordnance, aircraft and naval construction, the 
paper proved of special interest to the chapter. ‘The speaker has had 
extensive experience in the manufacture of these products. The effect ol 
composition, rolling or drawing, heat treatment; the causes of flaws in 
wire products and the relation between these flaws and the condition of 


+ 


the material were discussed by Mr. Hoffman. 


INDIANAPOLIS CHAPTER 


The Indianapolis Chapter had a very interesting paper presented on 
Nov. 21 by H. G. Hall, a representative of the Bristol Co., on the sub- 
ject of “Cold End Compensation in Pyrometry”. Mr. Hall’s paper was 
‘lustrated with lantern slides and moving pictures. 

_ The annual visit of President Gilligan occurred on Monday night, 
ec. 5 when 75 members were present to attend a smoker in honor of 
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the President. Mr. Gilligan spoke on activities of the Society, and 
presented stereopticon slides illustrating his talk, “Quality of Mat 
and Workmanship”. The meeting was considered to be one of the 
ever held by the Indianapolis Chapter. 


CHARLESTON CHAPTER 


The Charleston Chapter had an excellent meeting at the Kana 
Llotel on ‘Tuesday evening, Nov. 22, when the National Secretary, \\ 
Eisenman was present and spoke to the members with reference 
the activities of the Society. J. E. Arthur presented a paper the 
evening on “Steel Melt Shop Practice”, Mr. Arthur’s paper produ 
good discussion. 

The Charleston Chapter is in an excellent condition due to the 
interest and co-operation of all its members. Chairman Priestley is tal 
a special interest in providing good speakers for the coming meetings. () 
Dec. 13, H. J. French, Bureau of Standards, presented an _intere 
paper on the work at the Bureau, while W. H. White of the local ch 
presented a paper on “Sand Casting and Iron Mold Practice.” 

The chapter has adopted the practice of having a short paper 
sented by some member of the local chapter on the same evening 
it has an out-of-town speaker. President Gilligan will pay his an 
visit to the Charleston Chapter on Jan. 19 when the subject of “| 
ing Practice” will be presented by C. A. Gosztonyi. The local spea 
and the dates of meetings for the coming meetings are as follows 


FepruAry 7:—“‘Heat Treatment of Carbon and Nickel Forgings and Casting 
A. F. Mitchell. 

Marcu 7:—‘Heat Treatment of Chrome-Nickel and Molybdenum Steels,” by |! 
Fullmore. 

ApriL 4:—"The Necessity of High Quality Steel for Ordnance Purposes,” by | 
Margerum. 

May 2:—“The Chemical Laboratory and Its Relation to Shop Operations,” by Ila: 
Schagrin. 
Election of New Officers. 

june 6:—"The Inspection of Ordnance Forgings,” by J. E. Holden. 


Chairman W. J. Priestley was unable to attend the first fall meet 
ing of the Chapter but sent a communication to the members of tl 
Chapter which was read by the secretary. His remarks were of inter 
and for the benefit of the Society are reproduced as follows: 

September 28, 1921 

Fellow Members:— 

I am exceedingly sorry not to attend tonight’s meeting. I assure you that 
my absence is in no way indicative of my interest and enthusiasm in the wellar 
of the Society. 

I wanted to tell you tonight what the Society stood for and what it mean 
individually to you men who make your living in the steel industry. There ha 
been an awakening in the entire steel industry since the war. I believe in th 
future, all stecl makers are going to pay more attention to quality of product in 
stead of tonnage. The automobile manufacturers have had this vividly impressed 
upon their product and nearly all such factories today have well equipped heat 
treating establishments and research laboratories where they are endeavoring | 
improve their product all the time. 

Those of you who have been in the steel business for eight or ten years w'!! 
agree with me that many steps forward have been taken in the last five years 
I have in mind a steel foundry in one of the largest plants in the country which 
five years ago did not even have pyrometers on their furnaces for annealing cast 
ings. These furnaces were coal-fired, open-top types, and when it was suggested 
to the superintendent of the foundry that he had better get in a requisition to! 
some electrical pyrometers on his furnace, he threw up his hands in horror and 
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ne very indignant. This same man had lying out in his stock yard at that 
castings which had been made fourteen months previously, which he had 
unable to pass merely on account of improper annealing Subsequently, all 
castings were annealed and at least 90 per cent of them passed test. his 
ly one illustration of the many instances that might be cited how people in 
teel industry were groping along in the dark several vears ago 
| know another instance of a government 










establishment which six years ago, 
dering heat treated blooms and billets, and pulling tests on the same for 


tance in spite of the fact that these blooms and_ billets 
d and given an annealing without any heat treatment or testing after forging. 
ik that a state of affairs like the two instances cited above are due to the fact 
men in the shops have not been able to broaden and know what other people 


were subsequently 







loing. If there is no other benefit which men in the steel business can get from 
\merican Society for Steel Treating, they can at least get ideas from other 
who come here to talk; from discussing subjects at the meetings, and devel- 





and drawing out their own ideas 
| also want to present to you the idea that the American 
ting is for men in the shop as well as for technical men Che 
takes in such a large field, there is so much detail to it, that the co-operation 
upport of both the practical men in the shop, metallurgists, and heat treat 
t men, or supervisors, should all be combined in order to get the best results 
| also want to state that the Socictv is not limited to men who are employed 
e heat treatment of steel alone Melters, forgers, machinists. and all other 
who make their livelihood in any*branch of the steel industry are eligible to 
embership in this Society. Every one who is in the steel business owes a certain 
nt of his time to the development and upbuilding of the art or science of 
ng steel. Everybody has an opportunity to contribute papers to the Society 
1 want to encourage all the members to pick out a subject and prepare a 
r to be read some time. You will be surprised to find out how much benefit 
will receive from the preparation of a paper. You men who think you know 
own subject perfectly well, and probably do for the routine work you have 
. find when you come to put down certain facts which you know are likely 
to be discussed or criticized by others that you are going to go deeper into the 
hject than you would otherwise 
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\ successful steel plant which has such a variety of 

h and every department functioning smoothly and_ without friction The 
\merican Society for Steel Treating affords the machine shop men some insight 
nto the problems that the steel melter, forger and heat treatment man are up 
nst, and when he finds a defect in a forging or casting, he is not going to 

o inclined to criticize and blame the other man for not being on the job, 
going to have a better understanding of the work himself and probably from 
entirely different point of view, and thus he may be able to make suggestions 
the heat treatment or melt shop men. The same applies to the man that 
es steel made in another department than his own. T have seen in many 
el plants too much “buck passing.” T think this comes not so much from a mali 
us spirit or “IT don’t care” spirit as it does from the f: 


fact that men in the various 
rtments do not know enough about the other man’s 


departments, must have 
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problems This Society 
ffords men a broader vision and a better outlook in their entire work. 
4 lhe American Society for Steel Treating affords men an onportunityv to ad- 
elfs ec and improve their education. No man wants to stand still. Every one of 
u has an ambition to go ahead. When vou belone to this Society, vou receive 
neal ipers prepared by men at other chapters. By careful reading of the papers, attend 
» ha ¢ meetings of vour own chapter and entering into discussions, vou will soon 
= of find your vision broadening and you will get vourself in line for positions of 
ct i iter responsibility. 
ress I wish also to impress upon you that as a member of the Society, vou belong 
| heat to one of the strongest, most aggressive and rapidly erowine societies of the coun 
ne t trv today. The Society now is about two years old and has a total membership 
: 3200 men. This membership is made un of the most prominent steel men in 
s wil , country who are leaders in other mator metallureical and technical societies 
years The National Society is directing its efforts alone well defined and practical lines 
which = |! understand it was decided at the National Convention recently held in Tndian 
cast d ‘lis, to establish a research committee which would carrv on in certain labora 
gested tories practicable lines of research which have never heretofore been undertaken 
yn fo 


At this first meeting of this season, T desire to have vou hear what vour three 


r and 
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representatives learned at the Indianapolis convention. Your committee on n 


ings and papers have made arrangements for a prominent out-of-town 
for the next meeting. 


We now have about 50 members in the Charleston Chapter. We hay 
great deal of talent in this Chapter already—but there are many more men 
this community whom, I feel would make valuable additions to our Society 
hope that they will take kindly to our invitations and come with us. I y 
every present member of the Society to consider himself a member of the M: 
bership Committee, and bring his friends around to some of the succeeding m. 
ings. I want to impress upon you that Charleston Chapter will be a great suc: 
only, as you men make it. I also wish to impress upon you that all you get 
of it will depend upon the interest and the work you do in the Society. Do: 
feel that because you are not a literary genius that you cannot write a good pap: 
We want you to come to all ithe meetings regularly and enter into the discussi 
which take place after the reading of papers. 


BOSTON CHAPTER 


Through the courtesy of the Massachusetts Institute of Technolog 
the Boston Chapter held its initial laboratory meeting at the institute 
the evening of Dec. 9. A large number attended. Irving H. Cowdr 
chairman, presided and introduced Harrison W. Hayward, professor 
materials of engineering at the institute. For the benefit of those 
familiar with a testing materials laboratory, Professor Hayward explain 
first its functions—routine, research, testing of structural steel, and’ jus 
what constituted each kind of work under these headings. This was 
lowed by an explanation of the relation of the laboratory to industr) 
lesson in the proper use of terms used in connection with laborat 
work, and finally, useful information regarding the preparation of sj. 
mens to be presented for laboratory testing. 

Following Professor Hayward’s remarks, the members visited vai 
ous laboratory divisions of the institute, and with the aid of laboratory 
result sheets, witnessed tests made on a large number of specimens 
nished by various steel companies. For the institute, A. C. Fales 
I. N. Zavarine conducted tests in the heat treating laboratory; Victo 
Homerberg in the metallographic laboratory; R. G. Adams in the auto 
granhic testing, hardness and shock testing laboratory ; Fane CA, Cl 
and E. M. Brickett in the commercial testing laboratory. In the 
tests, Mr. Adams was assisted by Mr. Cowdrey. An open discussion 
lowed the testing, many questions being asked and answered by Mr. Cow 
drey, and those in charge of the testing machines. Members attending 
agreed the meeting was the most interesting held by the Boston chapt 
and an effort will be made to hold another meeting at the institute. 


CHICAGO CHAPTER 


At its November meeting held at the City Club, the Chicago Chap 
ter had a question box in which a large number of members took 
very active part. There was much interest displayed throughout the 
evening and little hesitancy in asking and answering questions. 

The December meeting was held at the City Club on Thursday 
evening, Dec. 8. The speaker was Dr. Zay Jeffries, of Cleveland. Dr 
Jeffries’ paper on the “New Theory of Hardening” was illustrated }) 
lantern slides and proved one of the most interesting papers presente: 
before the local chapter. This was due to several reasons among which 
are: Dr. Jeffries’ complete mastery of the subject, his pleasing and en 
tertaining presentation of the subject matter, as well as many apt 
lustrations Dr. Jeffries gave in order to assist those present in visual 
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ng the points under consideration. The discussion following the pre- 
itation of the paper was productive of further interest in his paper. 


ST. LOUIS CHAPTER 


The December meeting of the St. Louis Chapter was held at the 
nerican Annex Hotel on Dec. 9. President F. P. Gilligan spoke on 
\uality of Material and Workmanship”, and by the able presentation 
his paper provided a very valuable evening for those in attendance. 
esident Gilligan’s paper was well received. The meeting was very 
iccessful from the time the dinner started at 7 p. m. to the close of 
the executive meeting at 11 o'clock. 


SOUTH BEND CHAPTER 


The South Bend Chapter held its meeting on Dec. 13 at 8 p. m., 
the Studebaker Recreation building. Several short discussions were 
ven covering different subjects, and these were followed by 
discussion of the subjects presented. Refreshments were served. 


ROCHESTER CHAPTER 


The Rochester Chapter held its meeting on Wednesday, Dec. 14, at 8 p. 

in the Rochester Engineering Society club rooms. The chairman of the 
hapter, L. K. Marshall, presented a paper entitled “Tool Steel Manipu- 
lation”. The United States Bureau of Mines loaned the chapter two highly 
interesting and instructive films on “The Story of Abrasives’ and ‘‘The 
Story of Rock Drilling”. 
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DETROIT CHAPTER 


The Detroit Chapter held its meeting on Nov. 25 at the Board of 
Commerce at 8 o'clock. James Schemerhorn presented a paper on ‘The 
Hearth and the Home’. There were about 100 in attendance. A mem- 
bership drive was inaugurated at this meeting. 

The December meeting of the Chapter was held on Dec. 15 at the 
Board of Commerce. J. M. Watson, metallurgist, Hupp Motor Car Corp., 
spoke on “The Relation of the Metallurgical to Other Departments”. 


SPRINGFIELD CHAPTER 


























About 50 members visited the Rolls Royce plant on Dec. 3. This 
excursion proved to be a most interesting trip, and the courtesy of the 
company in opening its plant for inspection as well as the cordial recep- 
tion of the visitors was thoroughly appreciated. 

The Chapter held its meeting on Dec. 16 at the Chamber of Com- 
merce. The speaker of the evening was V. E. Hillman, metallurgist, 
Crompton & Knowles Loom Works, his subject being “The Efficiency of 
Different Mixtures for Cyanide Hardening”. Mr. Hillman’s paper was 4l- 
lustrated with lantern slides. 


TRI CITY CHAPTER 


The Tri City Chapter had a very pleasant meeting on Friday, Dec. 9, 
when J. Fletcher Harper, research engineer, Allis-Chalmers Co., presented 
in interesting illustrated paper on the “Effects of Deep Etching”. Mr. 
Harper’s paper was thoroughly enjoyed by the large number present and an 
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interesting discussion followed. The National Secretary, W. H. Eisen, 
was also present and spoke to the members on “The Activities and Prog; 

—"s g 
of the Society”. 


As an added attraction moving pictures of the Commonwealth S: 


Co. were shown and produced a large amount of favorable comment. 
excellent dinner at the Davenport Chamber of Commerce preceded 
meeting. ‘The local chapter is having a very successful winter; the m 
ings are well attended and have been uniformly successful. This succes 
due to a large measure to the co-operation the officers and executive c 
mittee received from the entire membership. 

As a means of impressing upon members the dates of meetings, 
Tri City Chapter sends to members desk blotters on the righthand end 


which is a calendar for the month with the date of the meeting printed 
red ink. The lefthand end of the blotter shows the date of meeting, pla 


speakers, subjects and chapter officers. 


MILWAUKEE CHAPTER 


The Milwaukee Chapter held its regular meeting at the Medford Hotel 


on Tuesday evening, Dec. 13. The National Secretary, W. H. Ejisenn 


paid a visit to the chapter and discussed with them the activities of the Na 


tional Office during the past and the coming year. Moving pictures o| 


Commonwealth Steel Co. were shown, and proved very interesting to th 


in attendance. 
CINCINNATI CHAPTER 


The Cincinnati Chapter’s November meeting was held on No\ 


in the Odd Fellows Temple. W. R. Fleming, of the Andrews Steel © 
presented an interesting paper on “The Influence of Nickel and Chro1 


ium in Steel” and was followed by a general discussion. 
S. J. Felton, metallurgist, Lunkenheimer Co., presented a most 


teresting paper on “The Hardness of Steels and Cast Iron”, on Friday, 


Dec. 16 at the Ohio Mechanics Institute. 
PHILADELPHIA CHAPTER 


The Philadelphia Chapter held its November meeting on No\ 
at 8:15 in the Engineers’ club. ‘The speaker of the evening was 
W. F. Green, John Illingworth Steel Co., his subject being “Pre 
Tool Steel at the Mill.” 

WORCESTER CHAPTER 


The Worcester Chapter has issued another of its mimeographed re 
Lt 
Hoffman’s paper and consisted of 12 pages. The sending of these mimeo 
graphed reports of discussions to members is meeting with pronounced 


ports of discussions held at the meetings. ‘This discussion was on 


favor. 


The November meeting was addressed by W. C. Peterson metal 
lurgical engineer of the Atlas Crucible Steel Co. Mr. Peterson covered 
the following points: Heat treatment of dies, reamers, broaches, dies, 
files, punches, saws, milling cutters, die blocks and chisels; various type 
of steel used;; hardening and drawing temperatures; breakage; causes 0! 


failure; importance of fillets; preheating; rate of heating 


mate knowledge of-shop practice. 


g; difference be 
tween water and oil hardening steels; steels for hot work; alloy steels: 
and machining strains. Because of Mr. Peterson’s wide experience a: 
supervisor of materials in the laboratory at the Packard Motor Car Co 
for 12 years, he was able to speak from actual experience and an inti 
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Commercial Items of Interest 


Al A meeting, Nov. 28, members of the Founders’ Association of Cleveland 
, voted unanimously to disband the organization. The purpose of the 
action was not to discontinue work along co-operative lines, but to strength 
en its activities through the Ohio State Foundrymen’s Association and _ the 
founders’ group of the American Plan Association of Cleveland. As many 
men are affiliated with these organizations, duplication of effort will be 
eliminated. The Founders’ association was formed more than 20 years ago 
and has been reorganized several times. Thirty-two shops held member- 
ships at the time of dissolution and 70 per cent of these were open shops. 




















“The Story of Mezzo,” written by Col. E. C. Peck, general superin- 
‘endent, Cleveland Twist Drill Co., Cleveland, has been published recently 
by that company. It is a 12-page booklet discussing the advance in the art 
of making tool steel and describing in particular a new grade of alloy tool 
steel used by the Cleveland Twist Drill Co. in the manufacture of drills. 
The booklet states “Heating the cutting edge of a drill to even a dark blue 
color will not draw its temper. In fact, it works at its best efficiency this 
way.” On the last page of the booklet is a table showing the cutting speci- 
fications of various sized drills made from the new alloy steel. 








A bulletin of the Bankers Trust Co., New York, department of foreign 
information, French section, says that statistics compiled by the Economiste 
European show the extraction of iron ore from mines in France during the 
frst six months of 1921 amounted to 7,532,868 tons, showing an increase of 
1,693,464 tons over the amount extracted during the same period last year. 
Che total amount of cast iron produced in France during the first half of 
1921 was 1,744,644 tons as compared with 1,272,518 tons during the first 
half of 1920, while production of steel for the first six months of 1921 was 
1,527,950 tons as compared with 1,179,399 tons for the corresponding period 
of 1920. The bulletin concludes by saying “In spite of the evident progress 
over last year’s production, the total output for the first half of 1921, still 
remains considerably inferior to France's producing capacity, which is esti- 
mated at about 700,000 tons for cast iron alone.” 





Research narrative No. 22 issued Dec. 1 by the Engineering Founda- 
tion, 29 West Thirty-ninth street, New York discusses American optical 
vlass. This interesting little bulletin outlines briefly the supremacy of Ger- 
many in the manufacture of this glass before the war, and how the United 
States attacked the problem in 1914-15 with the result that trade secrets 
were overcome and a superior product was manufactured. In 1918 this 
country became an exporter and today maintains its position. 












The Electric Furnace Construction Co., Philadelphia, announces that the 
Ford Motor Co., recently has ordered the largest electric melting furnace 
that has ever been designed or installed. It will have a capacity of 9000 
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kilovolt-amperes, which is three times the rating of any previously inst.) 


melting unit. 


Sa cee e ll 


Rebuilding of the plant of the Ellwood Ivin’s Tube Works, Philadelp} iq, 
which was completely destroyed by fire a year ago, is now going on 2. 


29 ‘omp 
some of the buildings have been completed. One of the mills now jis ~—— 
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POSITIONS WANTED 


FOREMAN OR ASSISTANT FOREMAN. Two 
years as hardener and two years as foreman of heat 
treating department, where employed at the present 
time. Has also had course in Metallography. Eastern 
location preferred. 1—11 


CHEMIST & METALLURGIST. Ten years genera 
experience in chemistry covering coal, oils, paints and 
varnishes, rubber, brasses, steels and cement. Five 
years experience in analysis, manufacture and heat 
treatment of tool and alloy steels. Was foreman in 
charge of electric furnace for 2 years. Location around 
Chicago preferred. Married. Salary desired $150.00. 
1—12 5, a wablon S OOe s 5 

HEAT TREATING FOREMAN. A man with six 
years experience in the hardening of tools, dies, etc., 
desires a position where he can use his knowledge to the 
best degree. Has worked in some of the largest plants 
in the country and can furnish the best of references. 


Address 1-5. 





METALLURGICAL ENGINEER. Extensive ex- 
perience with large firms and steel mills. Has served 
as metallurgist in large production steel mill, Age 27, 
Married. No preferences as to location. Willing to 
consider any position in the metallurgical department, 
annealing or heat treating departments providing there 
is an opportunity for advancement. Address 1-10. 





METALLURGIST—With twelve years experience 
with automobile, locomotive, munitions and alloy steel 
manufacturers. Familiar with the manufacture, heat 
treatment and poowertoe of all general iron and steel 
specifications, Open Hearth, Electric ‘Furnace and 
Cupola practice. Age 30, married. Address 1-15. 

SUPERINTENDENT OR FOREMAN—In heat treat- 
ing department; 21 years experience in heat treating. 
Employed at present with large heat treating plant. 
Desire to make change. Salary desired $3000. a 





TECHNICAL GRADUATE—As metallurgist or super- 
intendent of heat treating department. Six years of ex- 
tensive experience in chemical and physical testing and 
heat treatment of carbon and alloy steels in automobile 
and.aeronautical motor plants. Best of references. 
Eastern location preferred. Salary desired $250 per 
month. ‘Address 11-1. F 


not. If you will notify this department of the position you have open, your ad 
will be published at 50c per insertion in two issues of the Transactions. 


Important Notice. Jail 
answers to advertisements on these pages, a stamped envelop — 
containing your letter should be sent to AMERICAN SOCIETY FOR STEEL 

NG, 4600 Prospect Ave., Cleveland, O. It will be forwarded to the proper 
It is necessary that letters should contain stamps for forwarding. Cole 





a cialtt 
The employment service bureau is for all members of the Society. If you wish 
a position, your want ad will be printed at a charge of 50c each insertion in two to 
issues of the Transactions. for 
This service is also for employers, whether you are members of the Society or buile 


Fee must 





METALLURGICAL ENGINEER—Columbia yar | 
versity graduate. 7 years experience in steel treating * 
lant, also research department of large stec| 
acturing company. Experience included la, 
and overseeing commercial heat treatments o/ 1 cut 
automobile parts, and similar products, and te ind 
same; design and installation of heat treating « arn 
ment; installation and maintenance of py: 
research work on high tensile and shock resisti: 
structural steels, tool steels, magnet steels, etc.; micro 
examinations and microphotography; magnetic 
measurements; critical temperature measurements 
Salary $200—$250 per month, depending on location 
Address 10—3. 


HEAT TREATING FOREMAN—Two years pyro 
metrical and heat treatment of gun forgings; one yea: 
heat treatment and physical testing of rolled bar stock, 
and simple analysis; 144 years heat treatme 


burizing, and hardening of automobile rgings ms 
Address 9-5. Ni 


FOREMAN: 30 years practical experience i eal A 
treating, forging tool Sinteaine. carbonizing. 5 years 

as foreman of heat treating. Location preferred 

Pennsylvania, New Jersey, or Maryland. Salar N 
desired $200 per month. Address 9-3. G 





CHEMIST OR HEAT TREATER—Technical grad E 
uate. Experience in chemical and physical testing, 
heat treating of steels, platinum metals and rare earths 
Best of references. Reasonable sa lary. Address 12-1' 


POSITIONS OPEN 


The following positions are open in the heat treatin 
department of the United States Naval Ordnance Plant 


SUBFOREMAN—Heat treatment of large guns a: 
forgings, at $7.36 per day. 


SUBFOREMAN—heat treatment of projectiles, 
$7.36 per day. 


SUBFOREMAN—Heat treatment of smal! guns, : 
$7 .36 per day. 


Application blanks may be secured from the lal 

board of the Ordnance Plant, South Charleston, Wes 
Virginia, or from the secretary of the Fourth Civ 
Service District, Washington I, C 
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ting and others will be started as soon as completed. Electric power 
| be utilized entirely. The plant was established 27 years ago. Accurate 
|-drawn seamless steel tubes of high finish are specialized in by the 
\pany. 


R. L. Warburton, connected with the Celite Products Co., New York, 
a number of years, has become identified with the Quigley Furnace Spe 
lties Co., 26 Cortland street, New York, as a sales engineer. 


The Carroll Chain Co., Columbus, O., was imcorporated Nov. 1, 1921, 

manufacture a complete line of welded chain. Ground has been broken 

the erection of a modern plant. New equipment will be installed as 
building progress permits. The company will produce both fire-weld and 
electric-weld chain, but will begin operations by confining the manufacture 
to the fire-weld varieties, giving special attention to steam shovel and dredge 
chains. 


“Forge Note Book” is the title of new book arranged by George TI. 
Coleman, Lane Technical High School, Chicago and published by the Bruce 
Publishing Co., Milwaukee. By way of review The Iron Trade Review says: 

“This book is designed for the use of students in technical schools 
vhere the fundamentals of forge practice are taught. The essential equip- 
ment, including the forge,. fire tools, hammers, _ tongs, punches, 
cutters, dies, mandrels, vises, surface plates, etc. are described 
and illustrated. The materials used in forge practice including 


(Continued on Page 36) 


This qualification record will be printed in the ‘‘Men available” section of the Employment Bureau 
of the Transactions at a cost of 50c each insertion. 


The money to cover this Charge should accompany this form. 


QUALIFICATION RECORD- Strictly Confidential 


Name 


Address 


No. of Years te ar | Other Schools? 


Grammar School? 


Experience: 


ages Desired? | Location Preferred Kind of Position Desired 
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(Continued from Page 35) 


the various kinds of wrought iron and steél, etc., together with the fuel, a; 
described and methods for calculating the required amount of stock a; 
given. Simple forge operations, including drawing, upsetting, twisting, 
offsetting, bending, welding, chainmaking, etc., are described in detail. Se 
eral paragraphs also are devoted to the subjects of annealing, case-hardening 
forging of tool steel, tempering, and handling of high speed steel.” 


sell & Gosset, Chicago representatives of the Quigley Furnace Spe 
cialties Co., 26 Cortlandt street, New York, have been succeeded in that 
capacity by H. M. Thompson, formerly with the Thomas Moulding Brick 
Co., Chicago. 


Chain Doors 


n 
Continuous Annealing Ovens 
Stop chilling in cold weather. 
The Strands of Chain covering 
openings do not interfere with en- 
trance and exit of stock. 
Write for Bulletin ““H’’ 


E. J. Codd Co., 700 S. Caroline St. 


Baltimore, U. S. A. 


Frank R. Porter Back Numbers 


We can supply the following: 


Chemical Engineer Vol. II (complete) of Proceedings— 


Metallu rgist Steel Treating Research Society. 


Vol. I and II (complete) Journal— 
American Steel Treaters Society. 


Vol. I Nos. | to 8, Transactions— 
Commercial Analysis American Society for Steel Treat- 
ing. 


Research— Consulting | Selec: 


> . $ .75 per copy. 
Physical Testing $7.50 per volume (unbound). 


Micro Photographs Send orders to 


American Society For 


Steel Treating 
72 W. Washington St. 4600 Prospect Avenue 


CHICAGO Cleveland, Ohio 


When answering advertisements please mention “Transactions” 








